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PREFACE. 



Since the appearance of the First Edition of 
this Work, I have published a new or Sixth 
Edition of the " Principles of Geology,'' omit- 
ting altogether that portion contained in previous 
editions, in which the European tertiary forma- 
tions were described in some detail. The part 
thus omitted has, with considerable modifica- 
tions and corrections, been incorporated in the 
present edition of the " Elements," so that the 
two works now occupy very distinct ground; 
the " Principles " being chiefly confined to those 
modern changes of the earth and its living in- 
habitants which are illustrative of Geology, 
while in the " Elements " I treat of the compo- 
nent materials of the earth's cnist considered as 
the monuments of the successive revolutions 
through which this globe and its inhabitants have 
passed in times antecedent to the creation of man. 
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When I observe that the " Principles of Geol- 
ogy " are chiefly confined to the modern changes 
of the organic and inorganic world, I wish to 
remind the student that I have prefixed to my 
systematic account of those changes a series of 
Essays (comprised in the First Book), in which 
I have endeavoured to explain those general 
and theoretical conclusions which the numer- 
ous facts now brought to light by geology have 
led me to adopt, and on which I have not deem- 
ed it expedient to enlarge in an elementary work 
like the present. 

I have often been asked which of the two 
treatises I intend to be read first by one who is 
willing to study both. In answering this ques- 
tion, I experience much the same difficulty as 
if asked whether a beginner should take up first 
a treatise on Chemistry or one on Natural Phi- 
losophy, subjects so distinct, and yet so insepar- 
ably connected. 

Upon the whole, I am inclined to think that 
those students who are entirely unacquainted 
with the subject will do well to peruse the 
^^Principles'' first, as their curiosity may be 
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thus excited by entering at cnce en the sketch 
which has been given of the progress of opinion 
in geology from the earliest times, and by a dis- 
cussion of the many questions of general in- 
terest to which the examination of the earth's 
structure gives rise ; such as the causes of for- 
mer changes of climate, — the extinction of 
species, — the supposed progressive develope- 
ment of organic life, — the recent origin of 
man, — the analogy or want of analogy between 
the igneous and aqueous causes formerly oper- 
ating and those now in action, and a variety of 
others which I cannot here enumerate. A pe- 
rusal of the Second Book of the " Principles " 
will prepare the reader to comprehend the meth- 
od of interpreting and classifying geological 
phenomena, by considering the recent effects of 
inorganic causes, such as rivers, springs, tides, 
currents, and subterranean heat, whether exhib- 
ited in the volcano or earthquake. The con- 
cluding t)art of the same work will give him an 
insight into the changes which the organic 
world has undergone in modern times, by ex- 
plaining the laws which govern the present 
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geographical distribution of the various species 
of animals and plants, the causes of their mul- 
tiplication and extinction, and the manner in 
which their remains become fossil in new de- 
posits. 

But, however intimate their connexion, the 
two treatises are now entirely independent of 
each other, so that either of them may be taken 
first in order. I have not repeated in this work 
a glossary of geological terms which I inserted 
in the " Principles," but I have defined all tech- 
nicalities in the places where they are first in- 
troduced, and these may easily be referred to 
by means of the Index. 

Among the principal additions made to the 
present edition of the "Elements," exclusive of 
the incorporation of numerous topics formerly 
comprised in the Fourth Book of the " Princi- 
ples," I may call attention to the following : — 
In the first volume, facts illustrative of the theo- 
ry of Denudation, — Parallel Roads and Terra- 
ces, — the Boulder formation and erratics, — 
the former extension of Alpine glaciers, — 
methods of classifying the tertiary strata. In 
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the second volume, a description of inland chalk 
cliflFs and needles in Normandy, — fossil foot- 
steps, and the discovery of the Labyrinthodon, 
— erect position of fossil trees in the Coal, — 
rocks and fossils of the Old Red Sandstone or 
Devonian formation, — fossils of the Silurian 
rocks, — Tabular view of fossiliferous strata, — 
trap-rocks of the Carboniferous period, — gran- 
ites of Arran. 

N. B. The greater part of the woodcuts in 
this volume are the work of Mr. James Lee, 97. 
Prince's Square, Kennington. The original 
drawings in Natural History were done chiefly 
by Mr. George Sowerby, jun., 10. College Ter- 
race, Cambden New Town. 
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or 
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In this plate an ideal representation is given of a deep sec- 
tion of the earth's crust. The masses A, B, C, and D, repre- 
sent each of them rocks belonging to the four distinct classes ; 
and the reader will perceive what position they may be sup- 
posed to occupy relatively to each other when in the course 
of simultaneous production. Thus, while the aqueous de- 
posits A, which are expressed by the yellow color, have 
been accumulating in successive strata at the bottom of the 
sea, the volcanic cone B has been piled up during a long 
series of eruptions, and the other igneous rocks colored 
purple have also ascended from below in a fluid state. Some 
of these last have been poured forth into the sea, and there 
mingled with aqueous sediment. On the left side of the 
plate a sheet of lava is represented reposing upon the 
yellow strata A, and covered by other parts of the same 
sedimentary deposit. This lava was the produce of a sub- 
marine eruption, and the horizontal layers of fragments 
above and below it are volcanic tuffs and conglomerates (see 
Chap. 27). On pursuing downwards either the small dikes 
or large masses of volcanic rock, we find them pass gradu- 
ally into plutonic formations (or granites) D, which are col- 
ored red, and which underlie all the rest. The diflferent 
tints of color express two granites, one newer than the other, 
but belonging, like the upper and lower strata of A, to the 
same geological period. These plutonic rocks are seen to 
VOL. I. 6 
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be in contact with a zone of contemporaneous metamorphic 
strata, C, colored blue, which they penetrate in numerous 
Teins. The formations, C, originated as fossiliferous strata 
of the periods, d, e, f, g, k, t, but have acquired a new 
structure during the accumulation of the strata A ; and be- 
long therefore to the latter period, or A, if we regard them 
solely in the light of metamorphic rocks ; for during the dep- 
osition of A they assumed a crystalline form, and were thus 
regenerated. This section, therefore, may assist the reader 
in understanding the doctrine that h3rpogene strata, such as 
C, may be formed at a considerable depth from the surface, 
while the incumbent masses d, e,/, g, h, %, still remain fos- 
siliferous, and in great part unaltered. 

In that part of the plate which is uncolored a more an- 
cient series of mineral masses are seen, belonging also to 
the four great divisions of rocks. The strata from a to t 
represent as many distinct aqueous formations, which have 
originated at different periods, and are each distinguished 
by their peculiar fossils. The mass v v is of volcanic origin, 
and was formed when the strata g were in the course of de- 
position. The strata m are metamorphic formations, which 
assumed a crystalline texture before any of the strata C 
were so altered as to belong to the hypogene class. The 
rocks 1, 3, are plutonic of different dates, but more ancient 
than D, D. 

The theoretical views elucidated in this Frontispiece are 
enlarged upon more fully in Vol. I p. 208., and Vol. II. 
p 426. 
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CHAPTER I. 

ON THE DIFFERENT CLASSES OF ROCKS. 

Gedogy defined — Successive formation of the earth^s 
crust — Classification of rocks according to their origin 
and age — Aqueous rocks — Their stratification and im- 
bedded fossils — Volcanic rocks, with and without cones 
and craters — Plutonic rocks, and their relation to the 
volcanic — Metamorpfaic rocks and their probable origin 
— llie term primitive, why erroneously applied to the 
crystalline formations — Leading diviflion of the woi^ 

Of what materials is the earth composedi and 
in what manner are these materials arranged ? 
These are the inquiries with which Geology is 
occupied, a science which derives its name from 
the Greek yri, ge^ the earth, and Xoyog, logosj a 
discourse. Such investigations appear, at first 
sight, to relate exclusively to the mineral king- 
dom, and to the various rocks, soils, and metals, 
which occur upon the surface of the earth, or at 
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various depths beneath it. But, in pursuing these 
researches, we soon find ourselves led on to con- 
sider the successive changes which have taken 
place in the former state of the earth's surface 
and interior, and the causes which have given rise 
to these changes ; and, what is still more singular 
and unexpected, we soon become engaged in re- 
searches into the history of the animate creation, 
or of the various tribes of animals and plants 
which have, at different periods of the past, inhab- 
ited the globe. 

All are aware that the solid parts of the earth 
consist of distinct substances, such as clay, chalk, 
sand, limestone, coal, slate, granite, and the like ; 
but previously to observation it is commonly 
imagined that all these had remained from the 
first in the state in which we now see them, — 
that they were cre&ted in their present form, and 
in their present position. Geologists have come 
to a different conclusion. They have discovered 
proofs that the external parts of the earth were 
not all produced in the beginning of things, in 
the state in which we now behold them, nor in 
an instant of time. On the contrary, they have 
acquired their actual configuration and condition 
gradually, under a great variety of circumstances, 
and at successive periods, during each of which 
distinct races of living beings have flourished 
on the land and in the waters, the remains of 
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these creatures still lying buried in the crust of the 
earth. 

By the << earth's crust," is meant that small 
portion of the exterior of our planet which is ac- 
cessible to human observation, or on which we are 
enabled to reason by observations made at or near 
the surface. These reasonings may extend to a 
depth of several miles, perhaps ten miles ; and 
even then it may be said, that such a thickness is 
00 more than j\^ part of the distance from the 
surface to the centre. The remark is just ; but 
although the dimensions of such a crust are, in 
truth, insigniBcant when compared to the entire 
globe, yet they are vast and of magniBcent ex- 
tent in relation to man, and to the organic beings 
which people our globe. Referring to this stand- 
ard of magnitude, the geologist may admire the 
ample limits of his domain, and admit, at the 
same time, that not only the exterior of the 
planet, but the entire earth, is but an atom in 
the midst of the countless worlds surveyed by the 
astronomer. 

Now the materials of this crust are not thrown 
together confusedly ; but distinct mineral masses, 
called rocks, are found to occupy deBnite spaces, 
and to exhibit a certain order of arrangement. 
The term rock is applied indifferently by geolo- 
gists to all these substances, whether they be soft 
or stony, for clay and sand are included in the 
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term, and 8ome have even brongbt peat under tbis 
denomination. Our older writers endeavoured to 
avoid offering sqch violence tx) our language^ by 
speaking of the eomponent materials of the earth 
a3 consisting of rocks and soili. But there is 
often so insensible a passage from a soft and inco- 
herent state to that of stone, that geologists of aU 
countries have found it indispensable to have one 
technical term to include both, and in this sense 
we find roche applied in French, rocca in Italian, 
and fdsart in German. The beginner, however, 
must constantly bear in mind, that the term rock 
by no means implies that the mineral mass is in an 
indurated or stony condition. 

The most natural and convenient mode of chSf 
sifying the various rocks which compose the earth^ir 
crust, is to refer, in the first place, to their origiQ» 
and in the second to their relative age. I skaUX 
therefore begin by endeavouring briefly to ex- 
plain to the student how all rocks may be divided 
into four great classes by reference to their difiWr* 
ent origin, or, in other words, by reference to the 
different circumstances and causes by which they 
have been produced. 

The first two divisions, which will at one© be. 
understood as natural, are the aqueous and Hoi* 
canic, or the products of watery and those of ig* 
neous action at or near the sur&ce. 

Aqueous rocks, — The aqueous rocks^ some* 
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times called the sedimentaiy, or fossiliferousy coyer 
a larger part of the earth's surface than any oth- 
ers. These rocks are stratified, or divided into 
distinct layers, or strata. The term stratum means 
simply a bed, or any thing spread out or strewed 
over a given surface ; and we infer that these strata 
have been generally spread out by the action of 
water, from what we daily see taking place near 
the mouths of rivers, or on the land during tem- 
porary inundations. For, whenever a running 
stream, charged with mud or sand, has its velocity 
checked, as when it enters a lake or sea, or over- 
flows a plain, the sediment, previously held in sus- 
pension by the motion of the water, smks, by its 
own gravity, to the bottom. In this manner layers 
of mud and sand are thrown down one upon an- 
other. 

If we drain a lake which has been fed by a 
small stream, we frequently find at the bottom a 
series of deposits, disposed with considerable reg- 
ularity, one above the other ; the uppermost, 
perhaps, may be a stratum of peat, next below a 
more dense and solid variety of the same mate- 
rial ; still lower a bed of shell-marl, alternating 
with peat or sand, and then other beds of marl, 
divided by layers of clay. Now, if a second pit 
be sunk through the same continuous lacustrine ybr* 
ffui^n, at some distance from the first, nearly the 
same series of beds is commonly met with, yet 

1* 
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with slight variations ; some, for example, of the 
layers of sand, clay, or marl, may be wanting, one 
or more of them having thinned oat and given place 
to others, or sometimes one of the masses first ex- 
amined is observed to increase in thickness to the 
exclusion of other beds. 

The term ^^formaiion^*^ which I have used in 
the above explanation, expresses in geology any 
assemblage of rocks which have some character 
in common, whether of origin, age, or composi- 
tion. Thus we speak of stratified and unstratified, 
fresh-water and marine, aqueous and volcanic, an- 
cient and modern, metalliferous and non-metallife- 
rous formations. 

In the estuaries of large rivers, such as the 
Ganges and the Mississippi, we may observe, at 
low water, phenomena aDalogous to those of the 
drained lakes above mentioned, but on a grander 
scale, and extending over areas several hundred 
miles in length and breadth. When the periodical 
inundations subside, the river hollows out a chan- 
nel to the depth of many yards through horizontal 
beds of clay and sand, the ends of which are seen 
exposed in perpendicular clififs. These beds vary 
in color, and are occasionally characterized by 
containing drift-wood or shells. The shells may 
belong to species peculiar to the river, but are 
sometimes those of marine testacea, washed into 
the mouth of the estuary during storms. 
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The annual floods of the Nile in Egypt are well 
known, and the fertile deposits of mud which they 
leave on the plains. This mud is stratifiedj the 
thin layer thrown down in one season differing 
slightly in color from that of a previous year, 
and being separable from it, as has been observed 
in excavations at Cairo, and other places. * 

When beds of sand, clay, and marl, containing 
shells and vegetable matter, are found arranged 
in the same manner in the interior of the earth, 
we ascribe to them a similar origin ; and the more 
we examine their characters in minute detail, the 
more exact do we find the resemblance. Thus, 
for example, at various heights and depths in the 
earth, and often far from seas, lakes, and rivers, 
we meet with layers of rounded pebbles composed 
of different rocks mingled together. They are 
like the shingle of a sea-beach, or pebbles formed 
in the beds of torrents and rivers, which are car- 
ried down into the ocean, wherever these descend 
from high grounds bordering a coast. There the 
gravel is spread out by the waves and currents 
over a considerable space ; but during seasons of 
drought the torrents and rivers are nearly dry, 
and have only power to convey fine sand or mud 
into the sea. Hence, alternate layers of gravel 
and fine sediment accumulate under water, and 

* See Principles of Geology, by the Author, Index, 
** Nile,"" Rivers," &c 
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such alternations are found by geologists in the 
interior of every continent. * 

If a stratified arrangement, and the rounded 
forms of pebbles, are alone sufficient to lead us to 
the conclusion that certain rocks originated under 
water, this opinion is further confirmed by the 
distinct and independent evidence of fossils^ so 
abundantly included in the earth's crust. By a 
fossU is meant any body, or the traces of the 
existence of any body, whether animal or vegeta- 
ble, which has been buried in the earth by natural 
causes. Now the remains of animals, especially of 
aquatic species, are found almost everywhere im- 
bedded in stratified rocks, and sometimes, in the 
case of limestone, they are in such abundance as 
to constitute the entire mass of the rock itself. 
Shells and corals are the most frequent, and with 
them are often associated the bones and teeth of 
fishes, fragments of wood, impressions of leaves, 
and other organic substances. Fossil shells of 
forms, such as now abound in the sea, are met 
with far inland, both near the surface and at great 
depths below it. They occur at all heights above 
the level of the ocean, having been observed at an 
elevation of from 8000 to 9000 feet in the Alps 
and Pyrenees, of more that 13,000 feet in the 
Andes, and above 16,000 feet in the Himalayas, f 

♦ See p. 38. 

t See Geograph. Joum. vol. iv. p. 64. 
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These shell? belong mostly to marine testacea, 
but in some places exclusirely to forms character* 
istic of hkes and rivers. Hence it is concluded 
that some ancient strata were deposited at the hot- 
torn of the sea, and others in lakes and estuaries. 

When geology was first cultivated, it was a 
general belief, that these marine shells and other 
fossils were the e&cts and proofs of the general 
deluge; but all who have carefully investigated 
the phenomena have long rejected this doctrine. 
A transient flood might be supposed to leave 
behind it, here and there upon the surface, 
scattered heaps of mud, sand, and shingle, with 
shells confusedly intermixed ; but the strata con- 
taining fossils are not superficial deposits, and do 
not cover the earth, but constitute the entire mass 
of mountains. Nor are the fossils mingled with- 
OQt reference to the habits of the creatures, certain 
genera or species being often found in groups un- 
associated with any others. 

It has been also the favorite notion of some 
modern writers, who are aware that fossil bodies 
cannot all be referred to the deluge, that they, 
and the strata in which they are entombed, 
may have been deposited in the bed of the ocean 
during the period which intervened between the 
creation of man and the deluge. They ima- 
gine that the antediluvian bed of the ocean, af- 
ter having been the receptacle of many stratified 



10 AdUBOUS BOOKSw (Ck. L 

deposits, became converted, at the time of the 
flood, into the lands which we inhabit, and that 
the ancient continents were at the same time 
submerged, and became the bed of the present 
sea. This hypothesis, although preferable to the 
diluvial theory, since it admits that all fossiliferous 
strata were successively thrown down from water, 
is yet wholly inadequate to explain the repeated 
revolutions which the earth has undergone, and 
the signs which the existing continents exhibit, in 
most regions, of having emerged from the ocean 
at an era far more remote than four thousand 
years from the present time. Ample proofs of 
these reiterated revolutions will be given in the 
sequel, and it will be seen that many distinct sets 
of sedimentary strata, each several hundreds or 
thousands of feet thick, are piled one upon the 
other in the earth's crust, each containing peculiar 
fossil animals and plants, which are distinguishable 
with few exceptions from species now living. The 
mass of some of these strata consists almost en- 
tirely of corals, others are made up of shells, 
others of plants turned into coal, while some are 
without fossils. In one set of strata the species of 
fossils are marine, in another, placed immediately 
above or below, they as clearly prove that the 
deposit was formed in a brackish estuary or lake. 
When the student has more fully examined into 
these appearances, he will become convinced that 
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the time required for the origin of the actual con- 
tinents must have been far greater than that which 
is conceded by the theory above alluded to ; and 
likewise that no one universal and sudden con- 
version of sea into land will account for geological 
appearances. 

We have now pointed out one great class of 
rocks, which, however they may vary in mineral 
composition, color, grain, or other characters, ex- 
ternal and internal, may nevertheless be grouped 
together as having a common origin. They have 
all been formed under water, in the same manner 
as modern accumulations of sand, mud, shingle, 
banks of shells^ reefs of coral, and the like, and 
are all characterized by stratification or fossils, or 
by both. 

Volcanic rocks, — The division of rocks whicb 
we may next consider are the volcanic, or those 
which have been produced at or near the surface, 
whether in ancient or modern times, not by water, 
but by the action of fire or subterranean heat. 
These rocks are for the most part unstratified, 
and are devoid of fossils. They are more par*^ 
tially distributed than aqueous formations, at 
least in* respect to horizontal extension. Among 
those parts of Europe where they exhibit char^ 
acters not to be mistaken, I may mention not 
only Sieity and the country round Naples, but 
Auvergne, Velay, and Vivarais, now the depart^ 
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jueots of Pujr de Domey Haute Loire, and Ar- 
^ecbe, towards the centre and south of France, in 
which are several hundred conical hills, having the 
lorms of modern volcanos, with craters more or 
less perfect on many of their summits. These 
cones are composed moreover of lava, sand, and 
ashes, similar to those of active volcanos. Streams 
of lava may sometimes be traced from the cones 
into the adjoining valleys, where they have choked 
up the ancient channels of rivers with solid rock, 
in the same manner as some modern flows of lava 
in Iceland have been known to do, the rivers 
either flowing beneath or cutting out a narrow 
passage on one side of the lava. Although none 
of these French volcanos have been in activity 
within the period of history or tradition, their 
forms are often very perfect. Some, however, 
have been compared to the mere skeletons of vol- 
canos, the rains and torrents having washed tbcwr 
sides, and removed all the loose sand and scorte, 
leaving only the harder and more solid materials. 
By this erosion, and by earthquakes, their internal 
rstructure has occasionally been laid open to view, 
in fissures and ravines ; and we then behold not 
only many successive beds and masses of porous 
lava, sand, and scoris^, but also perpendicular 
walls, or dikea^ as they are called, of volcanic rock, 
butting through the other materials. Such dikes 
are also observed in ^ structijre of Vesuvius, 
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Etna, and other active volcanos. They have 
been formed by the pouring of melted matter, 
whether from above or below, into open fissures, 
and they commonly traverse deposits of vokanie 
iuffj a substance produced by the showering down 
from the air, or incumbent waters, of sand and 
cinders, first shot up from the interior of the earth 
by the explosions of volcanic gases. 

Besides the parts of France, above alluded to,, 
there are other countries, as the north of Spain, 
the south of Sicily, the Tuscan territory of Italy, 
the lower Rhenish provinces, and Hungary, where 
spent volcanos may be seen, still preserving in 
many cases a conical form, and having craters and 
often lava-streams connected with them. 

There are also other rocks in England, Scot- 
land, Ireland, and almost every country in Europe, 
which we infer to be of igneous origin, although 
they do not form bills with cones and craters. 
Thus, for example, we feel assured that the rock 
of Staffa, and that of the Giants' Causeway, called 
basalt, is volcanic, because it agrees in its columnar 
structure and mineral composition with streams of 
lava which we kaow to have flowed from the 
craters of volcanos. We find also similar basaltic 
and other igneous rocks associated with beds of 
tuff in various parts of the British Isles, and 
forming dikes j such as have been spoken of; and 
some of the strata through which these dikes.cut 

VOL. I. 2 
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are occasionally altered at the point of contact, as 
if tbey had been exposed to the intense beat of 
melted matter. 

The absence of cones and craters, and long 
narrow streams of super6cial lava, in England 
and many other countries, is principally to be at- 
tributed to the eruptions having been submarine, 
just as a considerable proportion of volcanos in 
our own times burst out beneath the sea. But 
this question must be enlarged upon more fully in 
the chapters on Igneous Rocks, in which it will 
also be shown, that as different sedimentary form- 
ations, containing each their characteristic fossils, 
have been deposited at successive periods, so also 
volcanic sand and scoriae have been thrown out, 
and lavas have flowed over the land or bed of the 
sea, at many different epochs, or have been in- 
jected into fissures ; so that the igneous as well as 
the aqueous rocks may be classed as a chrono- 
logical series of monuments, throwing light on a 
succession of events in the history of the earth* 

Plutonic rocks (Granite, &c.). — We have now 
pointed out the existence of two distinct orders 
of mineral masses, the aqueous«and the volcanic : 
but if we examine a large portion of a continent, 
especially if it contain within it a lofty mountain 
range, we rarely fail to discover two other classes 
of rocks, very distinct from either of those above 
alluded to, and which we qan neither assimilate 
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to deposits such as are now accumulated in lakes 
or seaS) nor to those generated by ordinary vol* 
canic action. The members of both these diri-* 
sions of rocks agree in being highly crystalline 
and destitute of organic remains. The rocks of 
one division have been called plutonic, compre- 
hending all the granites and certain porphyrieSi 
which are nearly allied in some of their characters 
to volcanic formations. The members of the 
other class are stratified and often slaty, and have 
been called by some the crystalline schists^ in which 
group are included gneiss, micaceous-schist (or 
mica-slate), hornblende-schist, statuary marble, the 
finer kinds of roofing slate, and other rocks after- 
wards to be described. 

As it is admitted that nothing strictly analogous 
to these crystalline productions can now be seen 
id the progress of formation on the earth's surface, 
it will naturally be asked, on what data we can 
find a place for them in a system of classification 
founded on the origin of rocks. I cannot, in re- 
ply to this question, pretend to give the student, 
in a few words, an intelligible account of the 
long chain of facts and reasonings by which geolo- 
gists have been led to infer the analogy of the 
rocks in question to others now in progress at the 
surface. The result, however, may be briefly 
stated. All the various kinds of granite, which 
constitute the plutonic family, are supposed to 
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be of igneous origin, but to have been formed 
under enormous pressure, and at considerable 
depths in the earth. Like the lava of volcanos, 
they have been melted, and have afterwards cooled 
and crystallized, but with extreme slowness, and 
under conditions very different from those of 
bodies cooling in the open air. Hence they 
differ from the volcanic rocks, not only by their 
more crystalline texture, but also by the absence 
of tuff's and breccias, which are the products of 
eruptions at the earth's surface, or beneath seas 
of inconsiderable depth. They differ also by the 
absence of pores or cellular cavities, to which the 
expansion of the entangled gases gives rise in 
ordinary lava. 

Although granite has often pierced through oth- 
er strata, it has rarely, if ever, been observed to 
rest upon them, as if it had overflowed. But as 
this is continually the case with the volcanic rocks, 
they have been styled from this peculiarity, " over- 
lying," by Dr. M acCulloch ; and Mr. Necker has 
proposed the term " underlying," for the granites, 
to designate the opposite mode in which they al- 
most invariably present themselves. 

Meiamorphicj or stratified crystalline rocks. — 
The fourth and last great division of rocks are 
the crystalline strata and slates, or schists, called 
gneiss, mica-schist, clay-slate, cfalorite-schist, mar- 
ble, and the like, the origin of which is more 
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doubtful than that of the other three classes. 
They contain no pebbles or sand or scorise, or 
angular pieces of imbedded stone, and no traces 
of organic bodies, and they are often as crystalline 
as granite, yet are divided into beds, correspond- 
ing in form and arrangement to those of, sedimen- 
tary formations, and are therefore said to be 
stratified. The beds sometimes consist of an 
alternation of substances varying in color, com- 
position, and thickness, precisely as we see in 
stratified fossiliferous deposits. According to the 
Huttonian theory, which I adopt as most prob- 
able, and which will be afterwards more fully ex- 
plained, the materials of these strata were origin- 
ally deposited from water in the usual form of 
sediment, but they were subsequently so altered 
by subterranean heat, as to assume a new texture. 
It is demonstrable, in some cases at least, that 
such ti complete conversion has actually taken 
place, fossiliferous strata having exchanged an 
earthy for a highly crystalline texture for a dis- 
tance of a quarter of a mile from their contact 
with granite. In some cases, dark limestones, 
replete with shells and corals, have been turned 
into white statuary marble, and hard clays into 
slates called mica-schist and homblende-sthist, all 
signs of organic bodies having been obliterated. 

Although we are in a great degree ignorant <yf 
the precise nature of the influence exerted in these 

2* 
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cases, yet it evidently bears some analogy to that 
which volcanic heat and gases are known to pro- 
duce; and the action may be conveniently called 
plutonic, because it appears to have been devel- 
oped in those regions where plutonic rocks are 
generated, and under similar circumstances of 
pressure and depth in the earth. Whether electri- 
city or any other causes have cooperated with heat, 
may be matter of speculation, but the plutonic in- 
fluence has sometimes pervaded entire mountain 
masses of strata. 

In accordance with the hypothesis above al- 
luded to, I proposed, in the first edition of the 
Principles of Geology (1833), the term " Meta- 
morphic," for the altered strata, a term derived 
from /fSTcc (meta), irans^ and iiogq^ii (morphe), 
forma. 

Hence there are four great classes of rocks con- 
sidered in reference to their origin, — the aqueous, 
the volcanic, the plutonic, and the metamoiq[>bic. 
In the course of this work it will be shown, that 
portions of each of these four distinct classes have 
originated at many successive periods. They have 
all been produced contemporaneously, and may 
even now be in the progress of formation. It is 
not true, as was formerly supposed, that all 
granite, together with the crystalline or meta- 
morphic strata, were first formed^ and therefore 
entitled to be called '' primitive," and that the 
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aqueous and volcaDic rocks were afterwards super- 
imposed, and should, therefore, rank as secondary 
in the order of time. This idea was adopted in 
the infancy of the science, when all formations, 
whether stratified or unstratified, earthy or crystal- 
line, with or without fossils, were alike regarded 
as of aqueous origin. At that period it was natu- 
rally argued, that the foundation must be older 
than the superstructure ; but it was afterwards dis- 
covered, that this opinion was by no means in 
every instance a legitimate deduction from facts ; 
for the inferior parts of the earth's crust have often 
been modified, and even entirely changed by the 
influence of volcanic and other subterranean caus- 
es, while superimposed formations have not been 
in the slightest degree altered. In other words, 
the destroying and renovating processes have given 
birth to new rocks below, while those above, wheth- 
er crystalline or fossiliferous, have remained in 
their ancient condition. Even in cities, such as* 
Venice and Amsterdam, it cannot be laid down as 
universally true, that the upper parts of each edi- 
fice, whether of brick or marble, are more modern 
than the foundations on which they rest, for these 
often consist of wooden piles, which may have 
rotted and been replaced one after the other, with- 
out the least injury to the buildings above ; mean- 
while, these may have required scarcely any re- 
pair, and may have been constantly inhabited. So 
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is it with the habitable surface of our globe, and 
with large masses of rock immediately below it : 
they may continue the same for ages, while subja* 
cent materials, at a still greater depth, are passing 
from a solid to a fluid state, acquiring a new tex* 
ture, and afterwards becoming re-consolidated. 

As all the crystalline rocks may, in some re- 
spects, be viewed as belonging to one great family, 
whether they be stratified or unstratified, plutonic 
or metamorphic, it will often be convenient to 
speak of them by one common name. It being 
now ascertained, as above stated, that they are of 
very different ages, sometimes newer than the stra- 
ta called secondary, the term primary, which was 
formerly used for the whole, must be abandoned, 
as it would imply a manifest contradiction. It is 
indispensable, therefore, to find a new name, one 
which must not be of chronological import, and 
must express, on the one hand, some peculiarity 
equally attributable to granite and gneiss (to the 
phitonic as well as the altered rocks), and, on the 
other, must have reference to characters in which 
those rocks diflfer, both from the volcanic and from 
the unaltered sedimentary strata. I proposed in 
the Principles of Geology (first edition, vol. iii.), 
the term "hypogene" for this purpose, derived 
from vnoy under, and /Ivofiaiy to be born ; a word 
implying the theory that granite, gneiss, and the 
other crystalline formations are alike nether-formed 
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rocks, or rocks which have not assumed their pres- 
ent form and structure at the surface. 

From what has now been said, the reader will 
understand that each of the four great classes of 
rocks may be studied under two distinct points of 
view : first, they may be studied simply as min- 
eral masses, deriving their origin from particular 
causes, and having a certain composition, form, and 
position in the earth's crust, or other characters 
both positive and negative, such as the presence 
or absence of organic remains. In the second 
place, thp rocks of each class may be viewed as a 
grand chronological series of monuments, attesting 
a succession of events in the former history of the 
globe and its living inhabitants. 

I shall accordingly proceed to treat of each fam- 
ily of rocks ; first, in reference to those characters 
which are not chronological, and then in particu- 
lar relation to the several periods when they were 
formed. 
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CHAPTER n. 
AQinM^trs ttOOKS — their coMPosmoif AND roRMs or 

STRATIFICATION. 

Mineral compomtion of strata — Arenaceous rocks — Ar- 
gillaceous — Calcareous — Gypsum — Forms of strati- 
fication — Original horizontality —Thinning out — Diag- 
onal arrangement — Ripple mark. 

First, then, in pursuance of the arrangement 
explained in the last chapter, we have to examine 
the aqueous or sedimentary rocks, which are for 
the roost part distinctly stratified, and contain 
fossils. We are first to consider them with ref- 
erence to their mineral composition, external ap- 
pearance, position, mode of origin, and other char- 
acters which belong to them as aqueous format 
tions, independently of their age, or the vark)cA 
geological periods when they may have origi- 
nated. 

I have already given an outline of the data 
which led to the belief that the stratified and fos- 
siliferous rocks were originally deposited under 
water ; but, before entering into a more detailed 
investigation, it will be desirable to say something 
of the ordinary materials of which such strata 
are composed. These may be said to belong 
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principally to three divisions, the arenaceous, the 
argillaceous, and the calcareous, which are formed 
respectively of sand, clay, and carbonate of lime. 
Ofthese, the arenaceous, or sandy masses, are 
chiefly made up of siliceous or flinty grains ; the 
argillaceous, or clayey, of a mixture of siliceous 
matter, with a certain proportion, about a fourth 
in weight, of aluminous earth ; and lastly, the cal* 
careous rocks or limestones consist of carbonic 
acid and lime. 

Arenaceous or siliceous rocks. — To speak first 
of the sandy division : beds of loose sand are fre- 
quently met with, of which the grains consist en- 
tirely of silex, whiob term comprehends all purely 
siliceous minerals, as quartz and common flint. 
Quartz is silex in its purest form ; flint usually 
contains some admixture of alumine and oxide of 
iron. The siliceous grains in sand are usually 
rounded, as if by the action of running water. 
Sandstone is an aggregate of such grains, which 
often cohere together without any visible cement, 
but more commonly are bound together by a slight 
quantity of siliceous or calcareous matter, or by 
iron or clay. 

Pure siliceous rocks may be known by not 
effervescing when a drop of vinegar or other acid 
is applied to them, or by the grains not being 
readily scratched or broken by ordinary pressure. 
In nature there is every intermediate gradation. 
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from perfectly loose sand, to the hardest sandstone. 
In micaceous sandstones mica is very abundant; 
and the thin silvery plates into which that mineral 
divides, are often arranged in layers parallel to the 
planes of stratification, giving a slaty or laminated 
texture to the rock. 

When sandstone is coarse-grained, it is usually 
called grit. If the grains are rounded, and large 
enough to be called pebbles, it becomes a conglom-' 
eratCj or pudding-stone^ which may consist of 
pieces of one or of many different kinds of rock. 
A conglomerate, therefore, is simply gravel bound 
together by a cement. 

Argillaceous rqpks. — Clay, strictly speaking, 
is a mixture of silex or flint with a large propor- 
tion, usually about one fourth, of the substance 
called alumine, or argil ; but, in common language, 
any earth which possesses sufficient ductility, when 
kneaded up with water, to be fashioned like paste 
by the hand, or by the potter's lathe, is called a 
clay; and such clays vary greatly in their com- 
position, and are, in general, nothing more than 
mud derived from the decomposition or wearing 
down of various rocks. The purest clay found ia 
nature is porcelain clay, or kaolin, which results 
from the decomposition of a rock composed of 
felspar and quartz, and it is almost always mixed 
with quartz.^ Shale has also the property, like 

* The kaolin of China consists of 71*15 parts of silex, 
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clay, of becomiDg plastic id water : it is a more 
solid form of clay, having been probably condens- 
ed by pressure. It usually divides into irregular 
laminae. 

One general character of all argillaceous rocks 
is to give out a peculiar or earthy odor when 
breathed upon, which is a test of the presence of 
alumine, although it does not belong to pure alu* 
mine, but, apparently, to the combination of that 
substance with oxide of iron.^ 

Calcareous rocks. — This division comprehends 
those rocks which, like chalk, are composed chief- 
ly of lime and carbonic acid. Shells and corals^ 
ai^ also formed of the same elements, with the ad- 
dition of animal matter. To obtain pure lime it is 
necessary to calcine these calcareous substances^ 
that is to say, to expose them to heat of sufficient 
intensity to drive off* the carbonic acid, and other 
volatile matter, without vitrifying or melting the- 
lime itself. White chalk is often pure carbonate 
of lime ; and this rock, although usually in a soft 
and earthy state, is sometimes sufficiently solid to 
be used for building, and even passes into a com^ 



15-86 of alumina, 1-92 of lime, and 673 of water (W. Phil- 
lips, Mineralogy, p. 33.) ; but other porcelain clays differ 
materially, that of Cornwall being composed, according ta 
Boase, of nearly equal parts of silica and alumine, with I* 
per cent of magnesia. (Phil. Mag. vol. x. 1837.) 

* See W. Phillips's Mineralogy, ''Alumine," 
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pa^ stone, or a stone of which the separate parts 
are so minute as not to be distinguishable from 
each other by the naked eye. 

Many limestones are made up entirely of minute 
fragments of shells and coral, or of calcareous 
sand cemented together. These last might be 
called '^ calcareous sandstones "; but that term is 
more properly applied to a rock in which the 
grains are partly calcareous and partly siliceous, or 
to quartzose sandstones, having a cement of car- 
bonate of lime. 

The variety of limestone called " oolite " is 
composed of numerous small egg -like grains, re- 
sembling the roe of a fish, each of which has 
usually a small fragment of sand as a nucleus, 
around which concentric layers of calcareous mat- 
ter have accumulated. 

Any limestone which is sufficiently hard to take 
a fine polish is called marble. Many of these are 
fossiliferous ; but statuary marble, which is also 
called saccharine limestone, as having a texture 
resembling that of loaf-sugar, is devoid of fossils, 
and is in many cases a member of the metamor- 
phic series. 

Siliceous limestone is an intimate mixture of 
carbonate of lime and flint, and is harder in pro- 
portion as the flinty matter predominates. 

The presence of carbonate of lime in a rock 
may be ascertained by applying to the surface a 
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small drop of diluted sulphuric, nitric, or muriatic 
acids, or vinegar ; for the lime, having a stronger 
chemical aJOKnity for any one of these acids than 
for the carbonic, unites itself immediately with 
them to form new compounds, thereby becoming 
a sulphate, nitrate, or muriate of lime. The 
carbonic acid, when thus liberated from its union 
with the lime, escapes in a gaseous form, and 
froths up or efiervesces as it makes its way in 
small bubbles through the drop of liquid. This 
effervescence is brisk or feeble in proportion as 
the limestone is pure or impure, or, in other words, 
according to the quantity of foreign matter mixed 
with the carbonate of lime. Without the aid of 
this test, the most experienced eye cannot always 
detect the presence of lime in rocks. 

The abovementioned three classes of rocks, 
the arenaceous, argillaceous, and calcareous, pass 
continually into each other, and rarely occur in a 
perfectly separate and pure form. Thus it is an 
exception to the general rule to meet with a lime- 
stone as pure as ordinary white chalk, or with clay 
as alumiuous as that used in Cornwall for porce- 
lain, or with sand so entirely composed of siliceous 
grains as the white sand of Alum Bay in the Isle 
of Wight, or sandstone so pure as the grit of 
Fontainebleau, used for pavement in France. More 
commonly we find sand and clay, or clay and 
marl, intermixed in the same mass. When the 
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sand and clay are each in considerable quantity, 
the mixture is called loam. If there is much cal- 
careous matter in clay it is called marl; but this 
term has unfortunately been used so vaguely, as 
often to be very ambiguous. It has been applied 
to substances in which there is no lime ; as, to that 
red loam usually called red marl in certain parts 
of England. Agriculturists were in the habit of 
calling any soil a marl, which, like true marl, fell 
to pieces readily on exposure to the air. Hence 
arose the confusion of using this name for soils 
which, consisting of loam, were easily worked by 
the plough, though devoid of lime. 

Marl slate bears the same relation to marl which 
shale bears to clay,. being a calcareous shale. It 
is very abundant in some countries, as in the Swiss 
Alps. Argillaceous or marly limestone is also of 
common occurrence. 

There are few other kinds of rock which enter 
so largely into the composition of sedimentary 
strata as to make it necessary to dwell here on 
their characters. I may, however, mention two 
others, — magnesian limestone or dolomite, and 
gypsum. Magnesian limestone is composed of car- 
bonate of lime and carbonate of magnesia : the 
proportion of the latter amounting in some cases to 
nearly one half. It effervesces much more slowly 
and feebly with acids than common limestone. 
In England this rock is generally of a yellowish 
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color ; but it varies greatly ia mineralogical char- 
acter, passing from an earthy state to a white com- 
pact stone of great hardness. Dolomite^ so com- 
mon in many parts of Germany and France, is 
also a variety of magnesian limestone, usually of a 
granular texture. 

Gypsum. — Gypsum is a rock composed of 
sulphuric acid, lime, and water. It is usually a 
soft, whitish-yellow rock, with a texture resembling 
that of loaf-sugar, but sometimes it is entirely 
composed of lenticular crystals. It is insoluble 
in acids, and does not effervesce like chalk and 
dolomite, because it does not contain carbonic acid 
gas, or fixed air, the lime being already combined 
with sulphuric acid, for which it has a stronger 
affinity than for any other. Anhydrous gypsum is 
a rare variety, into which water does not enter as 
a component part. Gypseous marl ii^ a mixture of 
gypsum and marl. 

Forms of stratification. -*-* A series of strata some- 
times consists of one of the above rocks, sometimes 
of two or more in alternating beds. Thus, in the 
coal districts of England, for example, we often 
pass through several beds of sandstone, some of 
finer, others of coarser grain, some white, others 
of a dark color, and below these, layers of shale 
and sandstone or beds of shale, divisible into leaf* 
like laminae, and containing beautiful impressions 
of plants. Then again we meet with beds of pure 

3* 
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aod impure coal, aheraatiog with shales, and uo- 
deraeath the whole, perhaps, are calcareous strata, 
or beds of limestODe, filled with corals and marine 
shells, each bed distioguishable from another by 
certain fossils, or by the abundance of particular 
species of sheik or zoophytes. 

This alternation of difierent kinds of rock pro- 
duces the most distinct stratification ; and we often 
find beds of limestone and marl, conglomerate and 
sandstone, sand and clay, recurring again and 
again, in nearly regular order, throughout a series 
of many hundred strata. The causes which may 
produce these phenomena are various, and have 
been fully discussed in my treatise on the modem 
changes of the earth's surface.* It is there seen 
ifaat rivers flowing into lakes and seas are charged 
with sediment, varying in quantity, composition, 
color, and grain accordidg to the seasons ; the 
waters are sometimes flooded and rapid, at other 
periods low and feeble ; diflferent tributaries, also, 
draining peculiar countries and soils, and therefore 
charged with peculiar sediment, are swollen at dis- 
tinct periods. It was also shown that the waves 
of the sea and currents undermine the clifi*s during 
wintry storms, and sweep away the materials into 
the deep, after which a season of tranquillity 
succeeds, when nothing but the finest mud is 

• Consult Index to Prin. of Geol. « SUTitification,"" Cur- 
rents,'* « Deltas,'' « Water," &c 
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spread by the movements of the ocean over the 
same submarine area. 

It is not the object of the present work to give 
a description of these operations, repeated as they 
are, year after year, and century after century ; 
but I may suggest an explanation of the manner 
in which some micaceous sandstones have originat- 
ed, those in which we see innumerable thin layers 
of mica dividing layers of fine quartzose sand. I 
observed the same arrangement of materials in re* 
cent mud deposited in the estuary of La Roche St. 
Bernard in Brittany, at the mouth of the Loire. 
The surrounding rocks are of gneiss, which, by 
its waste, supplies the mud : when this dries at 
low water, it is found to consist of brown lamin- 
ated clay, divided by thin seams of mica. The 
separation of the mica in this case, or in that of 
micaceous sandstones, may be thus understood. 
If we take a handful of quartzose sand, mixed 
with mica, and throw it into a clear running stream, 
we see the materials immediately sorted by the 
water, the grains of quartz falling almost directly 
to the bottom, while the plates of mica take a much 
longer time to reach the bottom, and are carried 
further down the stream. At the first instant the 
water is turbid, but immediately after the fiat sur- 
faces of the plates of mica are seen alone reflecting 
a silvery light, and they descend slowly, to form a 
distinct micaceous lamina. The mica is the heavier 
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imneral of the two ; but it remains longer suspend- 
ed, owing to its great extent of surface. It is easy, 
therefore, to conceive how the intermittent action 
of waves, currents, and tides, may sort the sediment 
brought down from the waste of a granitic country, 
and throw down the mica, layer after layer, separ- 
ately from the mud or sand. 

Original horizoniality. — It has generally been 
said that the upper and under surfaces of strata, or 
the planes of stratification, as they are termed, are 
parallel. Although this is not strictly true, they 
make an approach to parallelism, for the same 
reason that sediment is usually deposited at first in 
nearly horizontal layers. The reason of this ar- 
rangement can by no means be attributed to an 
original evenness or horizontality in the bed of the 
sea ; for it is ascertained that in those places where 
no matter has been recently deposited, the bottom 
of the ocean is often as uneven as that of the dry 
land, having in like manner its hills, valleys, and 
ravines. Yet if the sea should sink, or the water 
be removed near the mouth of a large river where 
a delta has been forming, we should see extensive 
plains of mud and sand laid dry, which, to the eye, 
would appear perfectly level, although, in reality, 
they would slope gently from the land towards 
the sea. 

This tendency in newly-formed strata to assume 
a horizontal position arises principally from the 
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motion of the water, which forces along particles 
of sand or mud at the bottom, and causes them to 
settle in hollows or depressions, where they are 
less exposed to the force of a current than when 
they are resting on elevated points. The velocity 
of the current and the motion of the superficial 
waves diminish from the surface downwards, and 
are least in those depressions where the water is 
deepest. 

A good illustration of the principle here alluded 
to may be sometimes seen in the neighbourhood 
of a volcano, when a section, whether natural or ar- 
tificial, has laid open to view a succession of vari- 
ous-colored layers of sand and ashes, which have 
fallen in showers upon uneven ground. Thus let 
A, B (Fig. 1.) be two ridges, with an intervening 
valley. These original inequalities of the surface 
have been gradually effaced by beds of sand and 
ashes c, d^ e, the surface at e being quite level. It 
will be seen that although the materials of the first 
layers have accommodated themselves in a great 
degree to the shape of the ground A B, yet each 

-liii-jr , bed is thickest at the 

bottom. At first a great 




many particles would 
be carried by their own gravity down the steep 
sides of A and B, and others would afterwards be 
blown by the wind as they fell off the ridges, and 
would settle in the hollow, which would thus be- 
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come more and more efiaced as the strata accu- 
mulated from c to e. This levelling operation may 
perhaps be rendered more clear to the student by 
supposing a number of parallel trenches to be dug 
in a plain of moving sand, like the African desert, 
in which case the wind would soon cause all signs 
of these trenches to disappear, and the surface 
would be as uniform as before. Now, water in 
motion can exert this levelling power on similar 
materials more easily than air, for almost all stones 
lose in water more than a third of the weight which 
they have in air, the specific gravity of rocks being 
in general as 2^ when compared to that of water, 
which is estimated at 1. But the buoyancy of 
sand or mud would be still greater in the sea, as 
the density of salt water exceeds that of fresh. 

Tet, however uniform and horizontal may be 
the surface of new deposits in general, there are 
still many disturbing causes, such as eddies in the 
water, and currents moving first in one and then in 
another direction, which frequently cause irregu- 
larities. We may sometimes follow a bed of lime- 
stone, shale, or sandstone, for a distance of many 
hundred yards continuously ; but we generally 
find at length that each individual stratum thins 

Fig. 2. 
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out, aod allows the beds which were previously 
above and below it to meet If the materials are 
coarse, as ia grits and conglomerates, the same 
beds can rarely be traced many yards without va- 
rying in size, and often coming to an end abruptly* 
(See Fig. 2.) 

Diaganal stratification. — There is also anoth- 
er phenomenon of frequent occurrence. We find 
a series of larger strata, each of which is compos- 
ed of a number of minor layers placed obliquely 
to the general planes of stratification. To this di- 
agonal arrangement the name of ^^ false stratifi- 
cation " has been given. Thus in the annexed 
section (Fig. 3.) we see seven or eight large beds 




SuUoH ttf smad at aamda HUl, near BiggUnMde, SMrdMr$. 
Height twentf feet. (Green-fland formation.) 

of loose sand, yeUow and brown, and the fines a 
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bj c, mark some of the principal planes of strati- 
fication, which are nearly horizontal. But the 
greater part of the subordinate laminae do not 
conform to these planes, but have often a steep 
slope, the inclination being sometimes towards 
opposite points of the compass. When the sand 
is loose and incoherent, as in the case here rep- 
resented, the deviation from parallelism of the 
slanting laminae cannot possibly be accounted for 
by any re-arrangement of the particles acquired 
during the consolidation of the rock. In what 
manner then can such irregularities be due to ori- 
ginal deposition ? We must suppose that at the 
bottom of the sea, as well as in the beds of rivers, 
the motion of waves, currents, and eddies often 
cause mud, sand, and gravel to be thrown down 
in heaps on particular spots, instead of being 
spread out uniformly over a wide area. Some- 
times, when banks are thus formed, currents may 
cut passages through them, just as a river forms 
its bed. Suppose the bank A (Fig. 4.) to be 
thus formed with a steep sloping side, and the 




water being in a tranquil state, the layer of sedi- 
ment No. 1. is thrown down uppn it, conforming 
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nearly to its surface. Afterwards the other layers, 
2, 3, 4, may be deposited in succession, so that 
the bank B C D is formed. If the current then 
increases in velocity, it may cut away the upper 
portion of this mass down to the dotted line e 
(Fig. 4.), and deposit the materials thus removed 
further on, so as to form the layers 6, 6, 7, 8. 
We have now the bank B C D E (Fig. 6.), of 

Fig. 6. 




which the surface is almost level, and on which 
the nearly horizontal layers, 9, 10, 11, may then 
accumulate. It was shown in Fig. 4. that the di- 
agonal layers of successive strata may sometimes 
have an opposite slope. This is well seen in som& 
cliffs of loose sand on the Suffolk coast. A portion^ 
of one of these is represented in Fig. 6., where the^ 
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Giff hetioeen Misnur and Dunvrich. 

layers, of which there are about six in the thick- 
ness of an inch, are composed of quartzose grains. 
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This arraDgement may have been due to the alter* 
ed directioD of the tides and currents in tbd same 
[dace. 

The description above giren of the slanting 
position of the minor layers constituting a single 
Mratum is in certain cases applicable on a much 
grander scale to masses several hundred feet thick, 
and many miles in extent. A fine sample may 
be seen at the base of the Maritime Alps near 
Nice. The mountains here terminate abruptly 
in the sea, so that a depth of many hundred 
fathoms is often found within a stone's throw 
of the beach, and sometimes a depth of 3000 
feet within half a mile. But at certain points, 
strata of sand marie, or conglomerate, intervene 
between the shore and the mountains, as in the 
annexed Fig. (7.), where a vast succession of 
slanting beds of gravel and sand may be traced 

Monte CsIyo. 

Fig. 7. 
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Seetton frvoi MvnU Caivo to ths tta by tlu valley of JHeLgnan^ near Jdu. 

A. Dolomite and sandstone. (Green-sand formation 7) 

O; hf d, Beds of gravel and sand. 

c. Fio6marlandian4ofSt Madeleine, with marine shells. 
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from tbe sea to Moote Cairo, a disunee of no leaf 
than nine tnilei in a straight line. The dip of these 
beds is remarkably uniform, being always sooth* 
ward or towards the Mediterranean, at en angle 
of about 25^. They are exposed to view in neariy 
vertical precipices, varying from 300 to 600 feet 
in height, which bound the valley tfaroagb which 
the river Magnan flows* Although in a general 
view, the strata appear to be parallel and uniform, 
they are nevertheless found, when examined close* 
ly, to be wedge-shaped, and to thin out when fol- 
lowed for a few hundred feet or yards, so that we 
may suppose them to have been thrown down 
originally upon the side of a steep bank, where a 
river or alpine torrent discharged itself into a deep 
and tranquil sea, and formed a delta, which ad- 
vanced gradually from the base of Monte Calvo 
to a distance of 9 miles from the original shore. 
If subsequently this part of the Alps and bed of 
the sea were raised 700 feet, the coast would ac- 
quire its present configuration, the delta would 
emerge, and a deep channel might then be cut 
through it by a river. 

It is well known that the torrents and streams, 
which now descend from the alpine declivities to 
the shore, bring down annually, when the snow 
melts, vast quandties of shingle and sand, and 
then, as they subside, fine mud, while in summer 
they are nearly or entirely dry ; so that it may be 
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safely assumedi that deposits like those of the val- 
ley of Magnao, consbdag of coarse gravel al- 
ternating with fine sediment, are still in progress 
at many points, as for instance, at the mouth 
of the Var. They must advance upon the Medi- 
terranean in the form of great shoals terminating 
in a steep talus ; such being the original mode 
of accumulation of all coarse materials conveyed 
into deep water, especially where they are com- 
posed, in great part, of pebbles, which cannot be 
transported to indefinite distances by currents of 
moderate velocity. By inattention to facts and in- 
ferences of this kind, a very exaggerated estimate 
has sometimes been made of the supposed depth 
of the ancient ocean. There can be no doubt, for 
example, that the strata a, Fig. 7., or those nearest 
to Monte Calvo, are older than those indicated 
by 6, and these again were formed before c ; but 
the vertical depth of gravel and sand in any one 
place cannot be proved to amount even to 1000 
feet, although it may perhaps be much greater, 
yet probably never exceeding at any point 3000 
or 4000 feet. But were we to assume that all the 
strata were once horizontal, and that their present 
dip or inclination was due to subsequent move- 
ments, we should then be forced to conclude, that 
a sea 9 miles deep had been filled up with aher- 
nate layers of mud and pebbles thrown down one 
upon another. 
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lo tbe locaikj now uoder ooDsiderttion, situ- 
ated a few miles to tbe west of Nice, there ire 
many geological data which there is not room to 
detail in this place, all leading to the opinion, that 
when the deposit of the Magnan was formed, the 
shape and outline of the alpine declivities and the 
shore greatly resembled what we now behold at 
man J points in the neighbourhood. That the beds 
0, 6, c, il, are of comparatively modern date is 
proved by this fact, that in seams of loamy marl 
intervening between the pebbly beds are fossil 
shells, half of which belong to species now living 
in the Mediterranean* 

Ripple mark. — The ripple mark, so common 
on the surface of sandstones of all ages (see Fig. 
8.), and which is so often seen on the sea-shore at 
low tide, seems to originate in tbe drifting of ma- 
terials along the bottom of the water, in a manner 
very similar to that which may explain the inclined 
layers above described. This ripplo is not en* 
tirely confined to the beach between high and low 
water mark, but is also produced on sands which 
are constantly covered by water. Similar undu- 
lating ridges and furrows may also be sometimes 
seen on the surface of drift snow and blown sand. 
The following is the manner in which I once ob» 
served the motion of tbe air to produce this efiect 
OB a large extent of level beach, exposed at low 
tide near Calais. Clouds of fine white sand were 

4« 



blowD from the oeighbouriDg dunes, so as to corer 
the shore, and whiteo a dark level surface of sandy 




■mu6, and this fresh covering of sand was beauti- 
liilly rippled. On levelliDg all the small ridges 
and furrows of this ripple over an area several 
yards square, I saw them perfectly restored ia 
.about ten minutes, (he general direction of the 
ndges being always at right angles to that of the 
wind. The restorailon began by the appearance 
^ere and there of small detached heaps of sand, 
which soon lengthened and joined together, so as 
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to form long siouous ridges with intervening fur- 
rows. Each ridge had one side slightly inclined, 

ng. 9. 

and the other steep ; the lee-side being always 
steep, as bf c, — d^e ; the windward-side a gentle 
slope, as a, 6, — c, d^ Fig. 9. When a gust of wind 
blew with sufiQcient force to drive along a cloud of 
sand, all the ridges were seen to be in motion 
at once, each encroaching on the furrow before it, 
and, in the course of a few minutes, filling the 
place which the furrows had occupied. The mode 
of advance was by the continual drifting of grains 
of sand up the slope a b and c (Z, many of which 
grains, when they arrived at b and dy fell over the 
scarps b c and d e, and were under shelter from 
the wind ; so that they remained stationary, rest- 
ing, according to their shape and momentum, 
on different parts of the descent, and a few only 
rolling to the bottom. In this manner each ridge 
was distinctly seen to move slowly on as often as 
the force of the wind augmented. Occasionally 
part of a ridge, advancing more rapidly than the 
rest, overtook the ridge immediately before it, and 
became confounded with it, thus causing those 
bifurcations and branches which are so common, 
and two of which are seen in the slab, Fig. 8. 
We may observe this configuration in sandstones 
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of ail igee, and in them also, ai now on the sea- 
ootst, we may often detect two STStem of ripples 
interfering with each other ; one more ancient and 
half efiaced, and a newer one, in which the grooves 
and ridges are more distinct, and in a different di- 
rection. This crossing of two sets of ripples aris- 
es finom a change of wind, and the new 
in which the waves are thrown on the shore. 
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CHAPTER in. 

ARBANOEMENT OF FOSSILS IN STRATA, — FRX8HWATBR 

AND MARINE. 

Successive deposition indicated by fossils ^ Limestones 
formed of corals and shells — Proofs of gradual increase 
of strata derived from fossils — Serpula attached to spa- 
tangus — Wood bored by teredina — Tripoli and semi- 
opal formed of infusoria — Chalk derived principally 
from organic bodies — Distinction of freshwater from 
marine formations — Genera of freshwater and land 
shells — Rules for recognising marine testacea — Gjrro- 
gonite and cbara — Freshwater fishes — Alternation of 
marine and freshwater deposits — Lym-Fiord. 

Having in the last chapter considered the forms 
of stratification so far as they are determined by 
the arrangement of inorganic matter, we may now 
turn our attention to the manner in which organic 
remains are distributed through stratified deposits. 
We should often be unable to detect any signs of 
stratifications or of successive deposition, if par- 
ticular kinds of fossils did not occur here and 
there at certain depths in the mass. At one level, 
for example, bivalve shells of some one or more 
species predominate ; at another, some univalve 
shell, and at a third, corals ; while in some forma- 
tions we find layers of vegetable matter separating 
strata. 
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It may appear incoDceivable to a begiooer how 
mountains, several thousand feet thick, can have 
become filled with ibssiis from top to bottom ; but 
the difficulty is removed, when he reflects on the 
origin of stratification, as explained in the kst 
chapter, and allows sufficient time for the accu- 
mulation of sediment. He must never lose sight 
of the fact that, during th^ process of deposition, 
each separate layer was once the uppermost, and 
covered immediately by the water in which aquatic 
animals lived. Each stratum, in fact, however 
far it may now lie beneath the surface, was once in 
the state of loose sand or soft mud at the bottom 
of the sea, in which shells and other bodies easily 
became enveloped. 

By attending to the nature of these remains, 
we are often enabled to determine whether the 
deposition was slow or rapid, whether it took place 
in a deep or shallow sea, near the shore or far 
from land, and whether the water was salt, brack*- 
isb, or fresh. Some limestones consist almost 
exclusively of corals, and their position has evi- 
dently been determined by the manner in which 
the zoophytes grew ; for if the stratum be hori- 
zontal, the round spherical head of certain species 
is uppermost, and the point of attachment di*- 
rected downwards. This arrangement is some- 
times repeated throughout a great succession of 
strata. From -what we know of the growth of 
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similar zoophytes in modern reefs, we infer that 
the rate of increase was extremely slow, and some 
of the fossils must have flourished for ages like 
forest trees, before they attained so large a size. 
During these ages, the water remained clear and 
transparent, for such zoophytes cannot live in 
turbid water. 

In like manner, when we see thousands of full- 
grown shells dispersed everywhere throughout a 
long series of strata, we cannot doubt that time was 
required for the multiplication of successive gen- 
erations; and the evidence of slow accumulation is 
rendered more striking from the proofs, so often 
discovered, of fossil bodies having lain for a time 
on the floor of the ocean after death, before they 
were imbedded in sediment. Nothing, for ex- 
ample, is more common than to see fossil oysters 
in clay, with serpulse, acorn shells, corals, and 
other creatures, attached to the inside of the 
valves, so that the moUusk was certainly not buried 
in argillaceous mud the moment it died. There 
must have been an interval during which it was 
still surrounded with clear water, when the tes- 
tacea, now adhering to it, grew from an embryo 
state to full maturity. Attached shells which are 
merely external, like some of the serpuls in the 
annexed figure (Fig. 10.), may often have grown 
upon an oyster or other shell while the animal 
within was still living ; but if they are found on 
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tlio inaiJo, it could only happen after the death 
of ilic iiiliabitant of the shell which affords the 
BUpport. Thus, in Fig. 10., it will be seen that 
two serpuls hare grown on the interior, one 
of them exactly on the place where the adductor 
muscle of the Crt/pkaa (a kind of oyster) was 
fixed. 

Some fossil shells, even if simply attached to the 
ovttide of others, bear full testimony to the con- 
elusion above alluded to, namely, that an interval 
elapsed between the death of the creature to 
whose shell ihey adhere, and the burial of the 
same in mud or sand. The sea-urchina, or 



ch. ni-i 



INDIOATBO BT rOSSIU. 



49 



Echim, so abuDdant in white chalk, afford a good 
illustration. It is well Icdowd that these animals, 
when living, are iayariabty corered with numerous 
spines, which serre as organs of mouoo, and are 
supported by rows of tubercles, which last are 
only seen after the death of the sea-urchin, when 
the spines have tlropped off. Id Fig. 13. a Irriog 



Fig. II. 



Kg. 15. 




Simla iltaclu . .. 
JtaHJUikM. 



species of Spatangus, common on our coast, is rep- 
resented with one half of its shell stripped of the 
spines. In Fig. 11. a fossil of the same genus 
from the white chalk of England shows the naked 
surface which the individuals of this family exhibit 
when denuded of their bristles. The full-grown 
Serpula, therefore, which now adheres externally, 
could not have begun to grow till the Spatangut 
had died, and the spines were detached. 

Now the aeries of events here attested by a 
single fossil may be carried a step further. Thus, 
for example, we often meet with a sea-urchin io 

VOL. I, 5 
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the chalk (see Ilg. 13.), which has fixed to it the 

lower valve of a Crania, a genus of bivalve meH- 

Uisca. The upper valve ((, Fig. 13.) is almost in- 

^ Fig. 13.^ variably waotiBg, though oeca- 

Bi<Hialljr found in a perfect state 

of preservation in white chalk at 

some distance. In this oas^, tre 

see clearly that the sea-urchin first 

*"iiSMr'^"«rfu!i ^"^^ ^^°"^ y°"''' '° "6^» '^^" '''^ 

».''^r"'JlS?<ir ik.""'^ ^ost its spines, whidi were 
crMudMMteL carried away. Then the young 
Crania adhered to the bared shell, grew, and per- 
ished in its turn ; after which the upper valve was 
separated from the lower before the Echinui be- 
came enveloped in chalky mud. 

It may be well to mention one more illustration 
of the manner in which single fossils may some- 
times throw tight on a former state of things, both 
in the bed of the ocean and on some adjoining land. 
We meet with many fragments of wood bored by 
■hip-worms at various depths in the clay on which 
LcNidon is built. Entire branches and stems of 
trees, several feet in length, are sometimes dug 
out, drilled all over by the boles of these borers, 
the tubes and shells of the mollusk still remainiog 
in the cylindrical hollows. In Fig. 15., e, a rep- 
reieniation is given of a piece of recent wood 
pierced by the Teredo navalit, or common ship- 
worm, which destroys wooden piles and ^ips. 
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Wbeo the cylindrical tube d has been extracted 
from the wood, a shell is seen at the larger ex> 
tremity, composed of Iwo pieces, as shown at c. 
Is like manoflr, a piece of fossil wood (a. Fig. 14.) 
bu been perforated by an animal of a kindrad 
but extinct genus, called Teredina hj Lamarck, 
The calcareous tube of this mollusk was united 




naaatdneau inwd irilUJ ij) ferfirati»g auUi 



Tig, 14k 0. Fcnnl wood riam LoDdon clay, bored by Ttrtdina, 
b. Sbell and tube of Tertdina ptrtonata, Ibe ligtal-band 
flgiira tbe ventral, tbe left the danal visw. 
F^- IB. e. Reeeal wood bond by Tertdo, 

d. Sbell and tube of liredii nouotis, from ihe iBina. 

e. Anterior and poilerior view of Ihe valvei of lame, de 

ticbed fram tbe lube. 



and as it were soldered on to the ralves of the 
shell (b), which therefore cannot be detached from 
tbe tube, like die ralves of the recent Teredo. 
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The wood in this fossil specimen b now con- 
Fcrted into a stony mass, a mixture of clay 
and lime; but it must once have been buoyant 
and floating in the sea, when the Teredina 
lived upon it, perforating it in all directions. 
Again, before the infant colony settled upon the 
drift wood, the branch of a tree must have he&k 
floated down to the sea by a river, uprooted, 
perhaps, by a flood, or torn off and cast into the 
waves by wind : and thus our thoughts are car- 
ried back to a prior period, when the tree grew 
for years on dry land, enjoying a fit soil and 
climate. 

It has been already remarked that there are 
rocks in the interior of continents, at various 
depths in the earth, and at great heights above 
the sea, almost entirely made up of the remains 
of zoophytes and testacea. Such masses may be 
compared to modern oyster-beds and coral reefs ; 
and, like them, the rate of increase must have 
been extremely gradual. But there are a variety 
of stony deposits in the earth's crust, now proved 
to have been derived from plants and animals, of 
which the organic origin was not suspected until of 
late years, even by naturalists. Great surprise 
was therefore created by the recent discovery of 
Professor Ehrenberg of Berlin, that a certain 
kind of siliceous stone, called tripoli, was entirely 
composed of millions of the skeletons or cases of 
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microsoopic animalcules. The substance alluded to 
has long been well known in the arts, being used 
in the form of powder for polishing stones and 
nsetals. It has been procured, among other places, 
from Bilin, in Bohemia, where a single stratum, 
extending over a wide area, is no less than 14 feet 
thick. This stone, when examined with a power- 
ful microscope, is found to consist of the siliceous 
cases of infusoria, united together without any 

Fig. 16. Fig. 17. Fig. 18. 
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Badllaria OaUUmella ChaUoHeUa 

tmigarU ? Hatans. ferruginea. 

Thiu Jigures art magnified nearly 300 HmeSf except the lower 
Jignre tf O, ferrugmea {Fig. 18. a), which is fnagtHfied 2000 
times. 

visible cement It is di£5cult to convey an idea 
of their extreme minuteness ; but Elhrenberg es* 
timates that in the Bilin tripoli there are 41,000 
millions of individuals of the Oaillonella distans 
(see Fig. 17«) in every cubic inch, which weighs 
about 220 grains, or about 187 millions in a single 
grain. At every stroke, therefore, that we make 
with this polishing powder, several millions, per^ 
baps tens of millions, of perfect fossils are crushed 
to atoms. 

The shells or shields of these infusoria are of 
pure silex, and their forms are various, but very 

6* 
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marked and constant in particular genera and 
ipecies. Thus, in the family BaeiUaria (see 
Fig* 16,)| the fossil species preserved in tripoli are 
seen to exhibit the same divisions and transverse 
lines which characterize the living shells of kindred 
form. With these^ also, the siliceous spicule or 
internal supports of the freshwater sponge, or 
SpongUla of Lamarck, are sometimes intermingled 
(see the needle-shaped bodies in Fig. 20.). These 
flinty cases and spiculee, although hard, are very 
fragile, breaking like glass, and are therefore ad- 
mirably adapted, when rubbed, for wearing down 
into a fine powder fit for polishing the surface of 
metals. 

Besides the tripoli, which is formed exclusively 
of infusoria, there occurs in the upper part of the 
great stratum at Bilin another heavier and more 
compact stone, a kind of semi-opal, in which in- 
numerable parts of infusoria and spiculae of the 
SpongtUa are filled with, and cemented together 
by, siliceous matter. It is supposed that the shells 
of the more delicate animalcules have been dis- 
solved by water, and have thus given rise to this 
i>pal, in which the more durable fossils are pre- 
served like insects in amber. This opinion is 
confirmed by the fact, that the small shells de- 
crease b number and sharpness of outline in 
proportion as the opaline cement increases in 
quantity* 
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Fig. 19. Nalunl lize. 

Fig. to. The wme magiiified, stioirmg circular orticiilUiaBl of a 
■p«ci« of GaiUonilla, anA ipiculie oT BpongiUa. 

In the Bohemian tripoli above described, as in 
that of Planitz in Saxony, the species of infusoria 
are freshwater ; but in other countries, as in the 
tripoli of the Isle of France, they are of marine 
species, and they all belong to formaiions of the 
Urtiary period, ivhich will be spoken of hereafter. 

A well-known substance, called bng-iron ore, 
often met with in peal-mosses, has also been shown 
by Ehrenberg to consist of innumerable articu- 
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lated threads, of a yellow ochre color, composed 
partly of flint and partly of oxide of iron. These 
threads are the cases of a mioute animalcule, called 
OaUloneUa ferrugiiua (Fig. 18.). 

It is clear that much time must hare been re- 
quired for the accumulation of strata to which 
countless generations of infusoria have contributed 
their shells ; and these discoveries lead us natu- 
rally to suspect that other deposits, of which the 
materials have usually been supposed to be in- 
organic, may in reality have been derived from 
microscopic organic bodies. That this is the case 
with the white chalk, has often been imagined, 
this rock having been observed to abound in a 
variety of marine fossils, such as shells, echini, 
corals, sponges, Crustacea, and fishes* Mr. Lons- 
dale, on examining in Oct. 1835, in the museum 
of the Geological Society of London, portions of 
white chalk from different parts of England, 
found, on carefully pulverizing them in water, 
that what appear to the eye simply as white 
grains were, in fact, well-preserved fossils. He 
obtained about a thousand of these from each 
pound weight of chalk, some being fragments of 
minute corallines, others entire Foraminifera and 
Cytherinse. The annexed drawings will give 
an idea of the beautiful forms of many of these 
bodies. The figures a a represent their natural 
sizS) but, minute as they seem, the smallest of 
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them, such as a, Fig. 24., are gigantic in com- 
parison with the cases of infusoria before men- 

CytherkuB and Forcmii^ferafrom the chalk. 
Vig.Zl. Fig. 22. Fig. 23. Fig. 24. 
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OifAerma. Portumtf LmKoiUiM, Lam. 1MmmM». 

J^odotaria. {OperevJina^ D*Orb.) 

tioned. It has, moreover, been lately discovered, 
by Ehrenberg (1839), that the chambers into 
which these Foraminifera are divided are actu- 
ally often filled with thousands of well-preserved 
infusoria, and other microscopic bodies, which 
abound in every minute grain of chalk. The 
bodies alluded to are calcareous ; but others have 
been detected in the flints of the chalk, which, 
like the infusoria in tripoli, are siliceous. These 
forms are especially apparent in the white coating 
of flints, often accompanied by innumerable needle- 
shaped spicule of sponges ; and the same are 
occasionally visible in the central parts of chalk 
flints, where they are of a lighter color. After 
reflecting on these discoveries, we are naturally 
led on to conjecture that, as the formless ce- 
ment in the semi-opal of Bilin has been derived 
from the decomposition of animal remains, so 
also even those parts of chalk flints in which no 
organic structure can be recognised may never- 
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theless have constituted a part of microscopic 
animalculeSk 

^ The dittt we tread upon was onoe alire t " *^ Btron. 

How faint an idea does this exclamation of the 
poet convey of the real wonders of nature 1 for 
here we discover proofs, that the calcareous and 
siliceous dust of which hills are composed has not 
only been once alive, but almost every particle, 
albeit invisible to the naked eye, still retains the 
organic structure which, at periods of time incal- 
culably remote, was impressed upon it by the pow* 
ers of life. 

As I have dwelt upon the proofs of the slowness 
with which fossiliferous strata in general have been 
produced, I may remark that some writers hav^ 
argued, from the appearances of certain deposits 
containing coal, that sedimentary rocks of great 
thickness have been accumulated with rapidity* 
This conclusion has been drawn chiefly from a 
remarkable phenomenon, — the position of the 
trunks of fossil trees intersecting obliquely, and 
6ften at right angles, the planes of many strata* 
For a full examination of this question, the reader 
is referred to the chapter on the carboniferous for* 
mations, in the sequel $ and I shall merely say here^ 
that, although partial deposits have been thrown 
down in the spots where these fossil trees occur in 
a comparatively short lapse of time, yet we can by 
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no meaos infer that a similar rate of increase of 
carboaiferous rocks prevailed simultaneously over 
a wide area. On the other hand, the vegetable 
origin of coal is now universally admitted by geol- 
ogists ; and, when we discuss the probable manner 
in which the terrestrial plants from which it waa 
derived were imbedded in marine shale and sand- 
stone, we shall find it necessary to suppose a long 
succession of operations. 

Freshwater and taarine fossils. -^ Strata, whether 
deposited in salt or fresh water, have the same 
forms ; but the fossils are very different in the two 
cases, because the aquatic animals which frequent 
lakes and rivers are distinct from those inhabiting 
the sea. In the northern part of the Isle of Wight 
is a formation, composed of marl and limestone, 
more than fifty feet thick, in which the shells are 
principally, if not all, of extinct species. Yet we 
recognise their freshwater origin, because they are 
of the same genera as those now abounding in 
poods and lakes, either in our own country or in 
warmer latitudes. 

In many parts of France, as in Auvergne, for 
example, strata of limestone, marl, and sandstone 
occur, hundreds of feet thick, which contain ex- 
clusively freshwater and land shells, together with 
the remains of terrestrial quadrupeds. The num- 
ber of land shells scattered through some of these 
freshwater deposits is exceedingly great 9 und there 
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are even districts where the rocks scarcely contain 
any other fossils except snail-shells (helicei) ; as, 
for instance, the limestone on the left bank of the 
Rhine, between Mayence and Worms, at Oppen- 
heim, Findheim, Budenheim, and other places. 
In order to account for this phenomenon, the 
geologist has only to examine the small deltas of 
torrents which enter the Swiss lakes when the 
waters are low, such as the newly-formed plain 
where the Kander enters the Lake of Thun. He 
there sees sand and mud strewed over with innu- 
merable dead land shells, which have been brought 
down from valleys in the Alps in the preceding 
spring, during the melting of the snows. Again, 
if we search the sands on the borders of the Rhine, 
in the lower part of its course, we find countless 
land shells mixed with others of species belonging 
to lakes, stagnant pools, and marshes. These 
individuals have been washed away from the allu- 
vial plains of the great river and its tributaries, 
some from mountainous regions, others from the 
low country. 

Although freshwater formations are often of 
great thickness, yet they are usually very limited 
in area when compared to marine deposits, just as 
lakes and estuaries are of small dimensions in com- 
parison with seas. 

We may distinguish a freshwater formation, 
first, by the absence of many fossils almost invari- 
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ably met with in marine strata. For example, 
there are no corals, no sea-urchins, and scarcely 
any other zoophytes } no chambered shells, such 
as the nautilus, nor microscopic Foraminifera. 
But it is chiefly by attending to the forms of the 
mollusea that we are guided in determining the 
point in question. In a freshwater deposit, the 
number of indiridual shells is often as great, if not 
greater, than in a marine stratum ; but there is a 
smaller variety of species and genera. This might 
be anticipated from the fact that the genera and 
species of recent freshwater and land shells are 
few when contrasted with the marine. Thus, the 
genera of true mollusca according to Blainville's 
system, excluding those of extinct species and 
those without shells, amount to about 200 in num- 
ber, of which the terrestrial and freshwater gene- 
ra scarcely form more than a sixth.^ 

Almost all bivalve shells, or those of acepha- 
lous mollusca, are marine, about ten only out of 

Fig. 25. Fig. S6. 
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ninety genera being freshwater. Among these last, 
the four most common forms, both recent and 

* See Synoptio Table, in Biainville's Malacologie. 
VOL. 1. 6 
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fanil, ore Cyelw, Cyraur, Vnio, ud .^WMlowta (aw 
figures) ; the two Erst and two lut of whieb are ao 
oearly allied ts to pass iolo each other. 
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Lamarck divided the bivalve mollusca into the 
Dtmyary, or those having two large muscular im- 
pressions in each valve, as a 6 in the Cyclas, Fig .35., 
^''s^- and the Monomyary, such 

as the oyster and scallop, in 
which there is only one of 
these impressions, as is seen 
in Fig. 30. Now, as aooe 
of these last, or the uDimus- 
cutar bivalves, are fresh- 
water, we may at once pre- 
■r t«j™. uat. sume a deposit in which we 
Bnd any of them to be marine. 

The univalve shells most characteristic of fresh- 
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water deponts are, Planorbu, lAmnea, and PiUu- 
diaa. (See figures.) But to these are occHsiooallj 
Fig, ai. Fig.at FJg.3S. 




added Phyta, Succinea, Ancylus, Vaivata, Mela- 
nopsii, Mdania, aod J'/eritina. (See figures.) 
Fg. S4. Fig. 36. Fig. 36. Kg. 37, 




In regard to one of these, the ,dncylut (Fig. 
35.], Mr. Gray observes, that it sometimes differs, 
Fig. 38. Fig. 39. Fig.*). F<g.*U 
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in no respect from the marioe Siphonarioj exc^ 
in the animaL The shell, however, of the Ancjf^ 
lu$ is usually thinner.^ 

SoEBd naturalists inclade Nentina (Fig. 42.) 
and ibe marine JSTerita (Fig. 43.) in the same 
geniHi it being scarceljr possible to dUsdnguish the 
two bjr good generic characters. But, as a general 
ruitythe fluviatOe species are smaller, smoother. 

Fig. 42. Fig. 4S. 
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^lltriliHa globuliu. Parte Basiii. JVMta ^rannlMO. Parte Baain. 

and more globular than the marine ; and they 
have never, like the JVertVce, the inner mai^n of 
Fi^ 4A. the outer lip toothed or crenulated. (See 
Fig. 43.) 

A few genera, among which Ceriihium 
(Fig. 44.) is the most abundant, are com- 
mon to both rivers and the sea, haying 
species peculiar to each. Other genera, 
like Auricula (Fig. 38.), are amphibious, 
frequenting marshes especially, near the 
sea* 

The terrestrial sbeUs are all univalves. 
ct,^^ The most abundant gjttieni among these, 
rSlt^in. both in a recent i$A- fessil state, are 
Helix (Fig. 45.), Cydosioma, Pupa (Fig. 46.), 

• Gray,. Phil Trans., 1885, p. 302. 
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Oaudlia (Fig. 47.), Bvlimw (Fig. 48.), and 

tSeAatima } which two last are nsirly allied and 
pass into each other. 



Fif.«. Fig. 46. Flf.47. Fij. 48. 




4 * ^4 



Fklu^TomlM. IrM^. 



Umi. L(i«>,aUM. 




The .AmpuUaria (Fig. 49.) is aDother genus of 

^- ^ flbelb, inhabiting rirers and pondg 

in hot countries. Manjr fossil 

species have been referred to this 

geaus, but they have been found 

chiefly in marine formatioas, and 

are suspected by some concho* 

"ftm^JanuL logists to betoDg to Jiatica and 

other marine genera. 

All univalve shells of laud and fresh-water spe- 
cies with the exception of Melanoptii (Fig. 41.), 
and AckatifMi which baa a slight indentation, have 
endre mouths ; and this circumstance may ofiea 
serve as a coovenieot rule for distinguishing freah- 
water from marine strata ; since, if any uaivalves 
occur of which the mouths are not entire, we may 
presume that the formation is marine. The aper- 
ture is said to be entire in such shells as the Am- 
6* 
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pnUaria and tbe land shells Ggured in page 65., 
when its outUoe is not interrupted bjr an indenta- 
tion or notch such as that in AiwiSaria (Fig. 51.) ; 
or is not prolonged into a canal, as that seen at a 
ID PUtirotoma (Fig. 50.). 

The mouths of a lai^e proportion of the marme 
univslves have either these notches or canals, and 



Fig. so. 




almost all these species are carniverous ; whereas 
nearly all testacea having entire mouths, are plant- 
eaters, whether the species be marine, freshwater, 
or terrestrial. 

There is, however, one genus which aflbrds an 
occa^onal exception to one of the above rules. 
The CerUhium (Fig. 44.), although provided with 
a short canal, comprises some species which inhabit 
salt, others brackish, and others fresh water, and 
tbej are said to be all plant-eaters. 

Among the fossils very comnitMi in freshvrater 
deposits, are the shells of Cypris, a minute crus- 
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taceoas animal, having a shell much resembling 
that of the bivalve mollusca.* Many minute 
living species of this genus swarm in lakes and 
stagnant pools in Ghreat Britain ; but their shells 
are not, if considered separately, conclusive as to 
the freshwater origin of a deposit, because an- 
other kindred genus of the same order, the Ci/ihe" 
rina of Lamarck (see Fig. 21. p. 57.), inhabits 
salt water ; and although the animal differs slightly, 
the shell is undistinguishable from that of the 
Cypris. 

The seed-vessels of Chara^ a genus of aquatic 
plants, are very frequent in freshwater strata. 
These seed-vessels were called, before their true 



Fig. 53. 



Fig. 63. 




Okara mettieagiinila: 
fbniL Isle of Wight. 



a. Seed-vessel, 
magnified 20 
diameters. 



Chora elaatka ; recent. Italy. 

«. Sessile seed-vessel between the diylsion 
of the leaves of the female plant. 

b. Transverse section of a branch, with five 
seed-vessels magnified, seen from be* 



b. Stem, magnified. low upwards. 



* For figures of recent species, see Index, ^ Cypria? 
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oature was known, gjrogonhes, ind were sappoaed 
to be fhells. (See Fig. 62. a.) 

The Chora inhabit tbe bottom of kkes and 
ponds, and flourish mostty where tbe water is 
eharged with carbonate of lime. Their seed- 
▼esseb are corered with a very tough integoment, 
capable of resisting decomposition ; to which dr- 
cumstance we may attribute their abundance in a 
fossil state. The annexed Bgure (Fig. 53.) repre- 
sents a branch of one of many new species found 
by Professor Amici in the lakes of northern Italy, 
The seed-vessel in this plant is more globular than 
in the British Chara^ and therefore more nearly 
resembles in form the extinct fossil species found 
in England, France, and other countries. The 
stems, as well as the seed-vessels, of these plants 
occur both in modern shell marl and in an- 
cient freshwater formations. They are generally 
composed of a large tube surrounded by smaller 
tubes; the whole stem being divided at certain 
intervals by transverse partitions or joints. (See 
J, Fig. 62.) 

It is not uncommon to meet with layers of vege- 
table matter, impressions of leaves, and branches 
of trees, in strata containing freshwater shells; 
and we also find occasionally the teeth and bones 
of land quadrupeds, of species now unknown. 
The manner in which such remains are occasion- 
ally carried by rivers into lakes, especially during 
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Boodsi has been fiilty treated of in the ** Principles 
of Geology."* 

The remains of fish are occarionally useful in 
determining the freshwater origin of strata. Cer- 
taia genera, such as carp, perch, pike, and loach, 
(Cyprinuij Perca^ Esox, and CobitiSf) as also 
Ijtbias, being peculiar to freshwater. Other gen- 
era contiun some freshwater and some marine 
species, as CotitUj MugU, and AnguiUaf or eeL 
The rest are either common to rivers and the sea, 
as the salmon ; or are exclusively characteristic of 
salt water. The above observations respecting fos- 
sil fishes are applicable only to the more modem 
or tertiary deposits ; for in the more ancient rocks 
the forms depart so widely from those of existing 
fishes, that it is very difficult, at least in the pres- 
ent state of science, to derive any positive in- 
formation from icthyolites, respecting the element 
in which strata were deposited. 

The alternation of marine and freshwater for- 
mations, both on a small and large scale, are facts 
well ascertained in geology. When it occurs on 
a small scale, it may have arisen from the alternate 
occupation of certain spaces by river water and 
the sea ; for in the flood season the river forces 
back die ocean and freshens it over a large area, 
depositing at the same time its sediment; after 
which the salt water again returns, and, on re- 



* See Index, <* 
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somiog its former place, brings with it sand, mud, 
and marine shells. 

There are also lagoons at the mouths of many 
rivers, as the Nile and Mississippi, which are di- 
vided off by bars of sand from the sea, and which 
are filled with salt and fresh water by turns. They 
often communicate exclusively with the river for 
months, years, or even centuries ; and then, a 
breach being made in the bar of sand, they are 
for long periods filled with salt water. 

The Lym-Fiord in Jutland offers an excellent 
illustration of analogous changes ; for, in the 
course of the last thousand years, the western ex- 
tremity of this long frith, which is 120 miles in 
length, including its windings, has been four 
times fresh and four times salt, a bar of sand 
between it and the ocean having been as often 
formed and removed. The last irruption of salt 
water happened in 1824, when the North Sea 
entered, killing all the freshwater shells, fish, and 
plants; and from that time to the present, the 
sea-weed, Fucus vesicuhsusj together with oysters 
and other marine moUusca, have succeeded the 
CyclaSf Limnea^ Paludina, and Chara,* 

But changes like these in the Lym-Fiord, and 
those before mentioned as occurring at the mouths 
of great rivers, will only account for some cases 
of marine deposits resting on freshwater strata. 

• See Prindples, Index, " Lym-Fk)rd." 
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Whea we find, as in the southeast of England, 
a great series of freshwater beds, resting upon 
one marine formation of great thickness, and 
again covered by another more than 1000 feet 
thick, we shall find it necessary to seek for a dif- 
ferent explanation of the phenomena.* 

* See Chap, on Wealden. 
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CHAPTER IV. 

COirSOUDATIOV OV 8TBATA AND nTKITACTIOlf OF 

Chemical and mechanical deposits — Cementing together 
of particles — Hardening by ezpoaure to air — Concre- 
tionary nodules — Consolidating effects of pressure — 
Mineralization of organic remains — Impressions and 
casts how formed — Fossil wood — 66p|)ert's experi* 
ments — Precipitation of stony matter most rapid where 
putrefaction is going on — Source of lime in solution — 
Silex derived from decomposition of felspar — Proofs of 
the lapidification of some fossils soon after burial, of 

[ others when much decayed. 

Having spoken in the preceding chapters of the 
forms of stratification, both as dependent on the 
deposition of inorganic matter and the distribution 
of fossils, I may next treat of the consolidation of 
stratified rocks, and the petrifaction of imbedded 
organic remains. 

Chemical and mechanical deposits. — A distinc- 
tion has been made by geologists between deposits 
of a chemical, and those of a mechanical, origin. 
By the latter name are designated beds of mud, 
sand, or pebbles produced by the action of run- 
ning water, also accumulations of stones and 
scoriae thrown out by a volcano, which have fallen 
into their present place by the force of gravitation. 
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But the matter which fomas a chemical deposit 
has not been mechanically suspended in water, 
but in a state of solution until separated by 
chemical action. In this manner carbonate of 
lime is often thrown to the bottom of lakes and 
seas in a solid form, as may be well seen in many 
parts of Italy, where mineral springs abound, and 
where the calcareous stone, called travertin, is 
deposited. In these springs the lime is usually 
held in solution by an excess of carbonic acid, or 
by heat if it be a hot spring, until the water, on 
issuing from the earth, cools or loses part of its 
acid. The calcareous matter then falls down in a 
solid state, encrusting shells, fragments of wood 
and leaves, and binding them together.^ 

In coral reefs, large masses of limestone are- 
formed by the stony skeletons of zoophytes ; and 
these, together with shells, become cemented 
together by carbonate of lime, part of which is 
probably furnished to the sea-water by the de- 
composition of dead corals. Even shells of which 
the animals are still living, on these reefs, are very 
commonly found to be encrusted over with a hard 
coating of limestone, f 

If sand and pebbles are carried by a river into 
the sea, and these are bound together immediately 
by carbonate of lime, the deposit may be described 

* See Principles, Index, ** Calcareous Springs," &c.. 
t Ibid. « Travertin," « Coral reefe," &e. 

VOL. I. 7 
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as of a mixed origin, partly chemical, ao4 partly 
mecbaoical. 

Now, the remarks already made in Chapter II. 
on the original horizontality of strata are strictly 
applicable to mechanical deposits, and only par- 
tially to those of a mixed nature. Such as are 
purely chemical may be formed on a very steep 
slope, or may even encrust the vertical walls of a 
fissure, and be of equal thickness throughout ; but 
such deposits are of small extent, and for the most 
part conGned to vein-stones. 

Cementing of particles. — It is chiefly in the case 
of calcareous rocks that solidification takes place 
at the time of deposition. But there are many 
deposits in which a cementing process comes into 
operation long afterwards. We may sometimes 
observe, where the water of ferruginous or cal- 
careous springs has flowed through a b^d of san^ 
or gravel, that iron or parbonate of lime has beep 
deposited in the interstices between the grains or 
pebbles, so that in certain places the whole has 
been bound together into a stone, the same set of 
strata remaining in other parts loose and in- 
coherent. 

Proofs of a siniilar cementing action are seen in 
a rock at Kelloway in Wiltshire. A peculiar band 
of sandy strata, belonging to the group called 
Oolite by geologists, may be traced through several 
counties, the sand being for the most par^ loose 
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and UDCdtisolidated, but becoming stony near 
Kelloway. In this district there are numerous 
fossil shells which have decomposed, having for 
the most part left only their casts. The calcare^ 
ous matter hence derived has evidently served, at 
some former period, as a cement to the siliceous 
grains of sand, and thus a solid sandstone has been 
produced. If we take fragments of many other 
argillaceous grits, retaining the casts of shells, 
and plunge theiri into dilute muriatic or other 
acid, we see them immediately changed into com- 
mon sand and mud ; the cement of lime, derived 
from the shells, having been dissolved by the 
acid. 

Traces of impressions and casts are often ex- 
tremely faint. In some loose sands of recent date 
we meet with shells in so advanced a stage of 
decomposition as to crumble into powder when 
touched. It is clear that water percolating such 
strata may soon remove the calcareous matter of 
the shell ; and, unless circumstances cause the 
carbonate of lime to be again deposited, the grains 
of sand will not be cemented together; in which 
case no memorial of the fossil will remain. The 
absence of organic remains from many aqueous 
rocks may be thus explained. 

In what manner silex and carbonate of lime may 
become widely difibsed in small quantities through 
the waters which permeate the earth's crust will be 
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spoken of presently, when the petrifaction of fossil 
bodies is considered ; but I may remark here that 
such waters are always passing in the case of 
thermal springs from hotter to colder parts of the 
interior of the earth ; and as often as the temper- 
ature of the solvent is lowered, mineral matter has 
a tendency to separate from it and solidify. Thus 
a stony cement is often supplied to any sand, peb- 
bles, or fragmentary mixture. In some conglome- 
rates, like the pudding-stone of Hertfordshire, 
pebbles of flint and grains of sand are united by a 
siliceous cement so firmly, that if a block be frac- 
tured the rent passes as readily through the pebbles 
as through the cement. 

It is probable that many strata became solid at 
the time when they emerged from the waters in 
which they were deposited, and when they first 
formed a part of the dry land. A well known 
fact seems to confirm this idea ; by far the greater 
number of the stones used for building and rOad 
making are much softer when first taken from the 
quarry than after they have been long exposed to 
the air. Hence it is found desirable to shape the 
stones which are to be used in architecture while 
they are yet soft and wet, and while they contain 
their '^ quarry-water," as it is called ; also to break 
up stone intended for roads when soft, and then 
leave it to dry in the air for months, that it may 
harden. Such induration may perhaps be ac- 
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counted for by supposing the water, which pene- 
trates the minutest pores of rocks, to deposit on 
evaporationcarbonateof lime, iron, silex, and other 
minerals previously held in solution. These par- 
ticles, on crystallizing, would not only be deprived 
themselves of freedom of motion, but would also 
bind together other portions of the rock which be- 
fore were loosely aggregated. On the same prin- 
ciple wet sand and mud become as hard as stone 
when frozen ; because one ingredient of the mass, 
namely, the water, has crystallized, so as to hold 
firmly together all the separate particles of which 
the loose mud and sand were composed. 

Dr. MacCuUoch mentions a sandstone in Sky, 
which may be moulded like dough when first 
found ; and another from China, which is com- 
pressible by the band when immersed in water. 
But it is not merely these compounds which readily 
admit water to penetrate into them ; some simple 
minerals, says the same writer, which are rigid and 
as hard as glass in our cabinets, are often flexible 
and soft in their native beds ; this is the case 
with asbestos, sahlite, tremolite, and calcedony, 
and it is reported also to happen in the case of 
the beryl.* 

The marl recently deposited at the bottom of 
liake Superior, in North America, is soft, and often 

*Dr. MacCuUocb, Byst of GeoL vol. i. p. 1^. 
7* 



78 no—MiniTio« or BwmMXiL iok. it. 

iled with freshwater didb; hA if a piece be taken 
op and dried, it becomes so hard that it can onlj 
be broken by a smart blow of the hammer. Kthe 
kke therefore was drained, soch a deposit woaU 
be found to consist of strata of mariatone, like that 
obsenred in many ancient EUiropean formations, and 
Jike them containing freshwater shells.* 

It is probable that some of the heterogeneous 
jnaterials which rivers transport to the sea may at 
once set under water, like the artificial mixture 
•called poKzoIana, which consists of fine vcdcanic 
jand charged with about 20 per cent, of iron, and 
the addition of a small quantity of lime. This sub- 
Jtance hardens, and becomes a solid stone in water, 
and was used by the Romans in constructing the 
foundations of buildings in the sea. 

Consolidation in these cases is brought about 
by the action of chemical affinity on finely commi- 
nuted matter previously suspended in water. After 
deposition similar particles seem to exert a mutual 
4ittraction on each other, and congregate together 
in particular spots, forming lumps, nodules, and 
concretions. Thus in many argillaceous deposits 
4here are calcareous balls, or spherical concretions, 
ranged in layers parallel to the general stratifica- 
!tion ; an arrangement which took place after the 
jBhale or marl had been thrown down in successive 

* Prino. of Geo]., Index, <* Superior, Lake." 
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*''€^- ^' lamios ; for these la- 

mios are often traced 
the coocretioDSi 
remaioiDg parallel to 
those of the surround- 
ing unconsolidated rock. (See Fig. 54.) Such no- 
dules of limestone have often a shell or other for- 
eign body in the centre.* 

Among the most remarkable examples of concre- 
tionary structure are those described by Professor 
Sedgwick as abounding in the magnesian limestone 
of the north of England. The spherical balls are 
of various sizes, from that of a pea to a diameter 
of several feet, and they have both a concentric 
and radiated structure, while at the same time the 
lamins of original deposition pass uninterruptedly 
through them. In some cliffs this limestone re- 
sembles a great irregular pile of cannon balls. 
Some of the globular masses have their centre in 
one stratum, while a portion of their exterior 
passes through to the stratum above or below. 
Thus the larger spheroid in the annexed section 
^>K-^- (Fig. 55.) passes from 

the stratum b upwards 
into a. In this instance 
we must suppose the 

SpKeraidal concretion, in marusian d^pOsition of a SCricS 
limestone. ^f ^^^^^ j^y^^g^ g^.^^ 

* See De la Beche's Geological Researches, p. dS. 
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fiMtniog the ftnrtiitn 6, and afterwards the iocom- 
beot stratam m; then a movemeiit of the paitides 
look place, and the carbooates of fime and bh^im- 
iia separated from the more impure and mixed 
matter forming the sdll imconsolidated parts of the 
stratum. Crystallisation, banning at the centre, 
most have gone on forming concentric coats 
around the original nucleus without interfering with 
the laminated structure of the rock. 

When the particles of rocks have been thns 
re-arranged bj chemical forces, it is sometimes 
difficult or impossible to ascertain whether certain 
lines of division are due to origioal deposition or 
to the subsequent aggregation of similar particles. 
Ftg. 56. Thus suppose three 

^ strata of grit. A, B, C, 



'I'lMlV/llllirinffifi^ are charged unequally 

wiih calcareous matter, 



and that B is the most 
calcareous. If consolidation takes place in B, the 
concretionary action may spread upwards into a 
part of A, where the carbonate of lime is more 
abundant than in the rest; so that a mass, d, c,/, 
forming a portion of the superior stratum, becomes 
united with B into one solid mass of stone. The 
original line of division, d, e, being thus efiaced, 
the line d, /, would generally be considered as the 
surface of the bed B, though not strictly a true 
plane of stratification. 
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Pressure and heat. — When saDd and mud sink 
to the bottom of a deep sea, the particles are not 
pressed down by the enormous weight of the in- 
cumbent ocean ; for the water which becomes 
mingled with the sand and mud, resists pressure 
with a force equal to that of the column of fluid 
above. The same happens in regard to organic 
remains which are filled with water under great 
pressure as they sink, otherwise they would be im- 
mediately crushed to pieces and flattened. Never- 
theless, if the materials of a stratum remain in a 
yielding state, and do not set or solidify, they will 
be gradually squeezed down by the weight of other 
materials successively heaped upon them, just as 
soft clay or loose sand on which a house is built 
may give way. By such downward pressure par- 
ticles of clay, sand, and marl, may become packed 
into a smaller space, and be made to cohere to- 
gether permanently. 

Analogous efiects of condensation may arise 
when the solid parts of the earth's crust are forced 
in various directions by those mechanical move- 
ments afterwards to be described, by which strata 
have been bent, broken, and raised above the level 
of the sea. Rocks of more yielding materials must 
often have been forced against others previously 
consolidated, and, thus compressed, may have 
acquired a new structure. 

But the action of beat at various depths in the 
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earth is probably the most powerful of all causes 
in hardening sedimentary strata. To this subject 
I shall refer again when treating of the metamor- 
phic rocks, and of the slaty and jointed struc- 
ture. 
Mineratittrtion of organic remains. — ^The changes 
which fossil organic bodies have undergone since 
they were Grst imbedded in rocks, throw much 
light on the consolidation of strata. Fossil sh^lb 
in some modem deposits have been scarcely al- 
tered in the course of centuries, having simply 
lost a part of their animal matter. But in other 
cases the shell has disappeared, and left an im- 
pression only of its exterior, or a cast of its interior 
form, or thirdly, a cast of the shell itself, th6 
original matter of which has been removed. 
These difierent forms of fossilization may easily be 
understood if we examine the mud recently thrown 
out from a pond or canal in which there are shells. 
If the mud be argillaceous, it acquires consistency 
on drying, and on breaking open a portion of it 
we find that each shell has left impressions of its 
external form. If we then remove the shell itself, 
we find within a solid nucleus of clay, having the 
form of the interior of the shell. This form i^ 
often very diffetent from that of the outer shell. 
Thus a cast such as a. Fig. 57., commonly called 
a fossil screw, would never be suspected by an 
inexperienced conchologist to be the internal shape 



of the fossil uciralve, b. Fig, 57, Nor should we 
have imagiaed at first sight that the shell a and 
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the cast b. Fig, 58., were diSereoi parts of the 
same fossil. The reader will observe in the last- 
mentioDed figure {b, Fig. 58.), that an empty space 
shaded dark, which the th:U iUelf aace occupied, 
now interveoes between the enveloping stone and 
the cast of the smooth interior of the whorls. In 
such cases the shell has been dissolved and the 
component particles removed by water percolating 
the rock. If the nucleus were taken out a hollow 
mould would remain, on which the external form 
of the shell with its tubercles and strie, as seen 
in a. Fig. 58., would be seen embossed. Now if 
the space alluded to between the nucleus and the 
impression, instead of being left empty, has been 
filled up with calcareous spar, pyrites, or other 
mineral, we then obtain from the mould an exact 
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cast both of the external aod interaal form of the 
original shell. In this manner silicified casts of 
shells have been formed ; and if the mud or sand 
of the nucleus happen to be incoherent, or soluble 
in acid, we can then procure in flint an emptj 
shell which is the exact counterpart of the origioal. 
This cast may be compared to a bronze statue, 
representing merely the superficial form, and not 
the internal organization ; but there is anotlier de- 
scription of petrifaction by no means uncommon, 
and of a much more wonderful kind, which may 
be compared to certain anatomical models in wax, 
where not only the outward forms and features, 
but the nerves, blood-vessels, and other internal 
organs are also shown. Thus we find corals, origi- 
nally calcareous, in which not only the general 
shape, but also the minute and complicated internal 
organization are retained in flint. 

Such a process of petrifaction is still more re- 
markably exhibited in fossil wood, in which we 
often perceive not only the rings of annual growth, 
but all the minute vessels and medullary rays. 
Many of the minute pores and fibres of plants, 
and even those spiral vessels wh'ch in the living 
vegetable can only be discovered by the micro- 
scope, are preserved. Among many instances I 
may mention a fossil tree, seventy-two feet in 
length, found at Gosforth near Newcastle, in sand- 
stone strata associated with coal. By cutting 
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a traosverse slice so thio as to transmit light, and 
magaiiying it about fifty-five times, tbe texture 
seen in Fig. 59 b exhibited. A texture equally 
minute and complicated bas been observed in the 
wood of large trunks of fossil 
I trees found in the Craigleilh 
I quarrynearEdioburgh, where 
j the stone was not in the 
;htest degree siliceous, but 
1^ consisted chiefly of carbonate 
•) of lime, with oxide of iroD, 
alumina, and carhon. In some examples tbe woody 
fibre is partially preserved, but it has entirely 
vanished from others. 

In attempting to explain the process of petri- 
faction in such cases, we may first assume that 
suata are very generally permeated by water 
charged with minute portions of calcareous, sili- 
ceous, and other earths in solution. In what 
manner they become so impregnated will be after- 
wards considered. If an organic substance is 
exposed in the open air to the action of the sun 
and rain, it will in time putrefy, or be dissolved 
into its component elements, which consist chiefly 
of oxygen, hydrogen, and carbon. These will 
readily be absorbed by the atmosphere or be 
washed away by rain, so that all vestiges of the 
dead animal or plant disappear. But if the same 
substances be submei^ed in water, they decompose 



■Kire gndmOf ; and if buried in earth, nffl more 
wkmljf as in the familiar nrample of wooden 
piles or other boried tindier. Noir, if as fiut as 
each particle b set free hj potre&ctioo in a fluid 
or gaseous state, a particle ecpiaUy minule of car- 
bonate of Erne, flint, or other mineral, is at hand 
and ready to be precipitated, we may imagine 
thb inorganic matter to take the place jost befixe* 
left unoccupied by the organic molecule. In this 
manner a cast of the interior of certain Tesseb 
may first be taken, and afterwards the waDs of 
the same may decay and suffisr a like trans- 
mutation. Tet wbe n the whole is lapidified, it 
may not form one homogeneous mass of stone or 
metal. Some of the original ligneous, osseous, or 
other organic elements may remain mingled ia 
certain parts, or the lapidifying substance itself 
may be differently colored at different times, or 
so crystallized as to reflect light differently, and 
thus the texture of the original body may be 
faithfully exhibited. 

But the student will ask whether, on chemical 
principles, we have reason to expect that mineral 
matter will be thrown down precisely in those 
spots where organic decomposition is in progress ? 
The following curious experiments may serve to 
illustrate this point. Professor Goppert of Bres- 
lau attempted recently to imitate the natural pro- 
cess of petrifaction. Fop this purpose he steeped 
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a variety of animal and vegetable substances in 
waters, some holding siliceous, others calcareous, 
others metallic matter in solution. He found that 
in the period of a few weeks, or even days, the 
organic bodies thus immersed were mineralized 
to a certain extent. Thus, for' example, thin 
vertical slices of deal, taken from the Scotch fir 
(Pintu syhesiris)^ were immersed in a moderately 
strong solution of sulphate of iron. When they 
had been thoroughly soaked in the liquid for 
several days, they were dried and exposed to a 
red-heat until the vegetable matter was burnt up 
and nothing remained but an oxide of iron, which 
was found to have taken the form of the deal so 
exactly that even the dotted vessels peculiar to 
this family of plants, and resembling those in 
Fig. 59., were distinctly visible under the micro* 
scope. 

Another accidental experiment has been re- 
corded by Mr. Pepys in the Geological Trans- 
actions.* An earthen pitcher containing several 
quarts of sulphate of iron had remained undis- 
turbed and unnoticed for about a twelvemonth in 
the laboratory. At the end of this time when the 
liquor was examined an oily appearance was ob- 
served on the surface, and a yellowish powder, 
which proved to be sulphur, together with a 

* Vol i. p. 399. first series. 



88 MINBEAUZATION OF [ CHu PT. 

quantity of small hairs. At the bottom were dis- 
covered the boDes of several mice in a sediment 
consisting of small grains of pyrites, others of sul- 
phur, others of crystallized green sulphate of iron, 
and a black muddy oxide of iron. It was evident 
that some mice had accidentally been drowned in 
the fluid, and by the mutual action of the animal 
matter and the sulphate of iron on each other, the 
metallic sulphate had been deprived of its oxygen; 
hence the pyrites and the other compounds were 
thrown down. Although the mice were not min- 
eralized, or turned into pyrites, the phenomenon 
shows how mineral waters, charged with sulphate 
of iron, may be deoxydated on coming in contact 
with animal matter undergoing putrefaction, so 
that atom after atom of pyrites may be pre- 
cipitated, and ready, under favorable circum- 
stances, to replace the oxygen, hydrogen, and 
carbon into which the original body would be 
resolved. 

The late Dr. Turner observes, that when min- 
eral matter is in a '^ nascent state," that is to 
say, just liberated from a previous state of chem- 
ical combination, it is most ready to unite with 
other matter, and form a new chemical com- 
pound. Probably the panicles or atoms just set 
free are of extreme minuteness, and therefore 
move more freely, and are more ready to obey 
any impulse of chemical affinity. Whatever be 
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the cause it clearly follows, as before stated, that 
where organic matter newly imbedded in sedi- 
ment is decomposing, there will chemical changes 
take place most actiyely. 

Ad aimlysis was lately made of the water which 
was flowing off from the rich mud deposited by the 
Hooghly river in the Delta of the Ganges after the 
annual inundation. This water was found to be 
highly charged with carbonic acid gas holding 
Ume in solution.* Now if newly deposited mud 
is thus proved to be permeated by mineral matter 
in a state of solution, it is not difficult to perceive 
that decomposing organic bodies, naturally im- 
bedded in sediment, may as readily become petri- 
fied as the substances artificially immersed by 
Professor Gdppert in various fluid mixtures. 

It is well known that the water of springs, or 
that which is continually percolating the earth's 
crust, is rarely free from a slight admixture either 
of iron, carbonate of lime, sulphur, flint, potash, 
or some other earthy, alkaline, or metallic ingre- 
dient. Hot springs in particular are copiously 
charged with one or more of these elements ; and 
it is only in their waters that silex is found in 
abundance. In certain cases, therefore, especially 
in volcanic regions, we may imagine the flint 
of silicified wood and corals to have been sup- 
plied by the waters of thermal springs. In other 

* PiddingtOD, Asiat Research. yoL xriii. p. 2S6. 
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iostances, as in tripoli and cbalk-flint, it may 
have been derived in great part, if not wholly, 
from the decomposition of infusoria, sponges, and 
other bodies. But even if this be granted, we 
have still to inquire whence a lake or the ocean 
can be constantly replenished with the siliceous 
matter so abundantly withdrawn from it by the 
secretions of these zoophytes. 

In regard to carbonate of lime there is no 
difficulty, because not only are calcareous springs 
very numerous, but even rain-water has the power 
of dissolving a minute portion of the calcareous 
rocks over which it flows. Hence marine corals 
and moUusca may be provided by rivers with the 
materials of their shells and solid supports. But 
pure silex, even when reduced to the finest powder 
and boiled, is insoluble in water. Nevertheless 
Dr. Turner has well explained, in an essay on the 
chemistry of geology,* how the decomposition of 
felspar may be a source of silex in solution. He 
has remarked that the siliceous earth, which con- 
stitutes more than half the bulk of felspar, is in- 
timately combined with alumine, potash, and some 
other elements. The alkaline matter of the fel- 
spar has a chemical affinity for water, as also for 
the carbonic acid which is more or less contained 
in the waters of most springs. The water there- 

• Jam. Ed. New Phil. Joum. No. 30. p. 246. 
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fore carries away alkaline matter, and leaves be- 
hind a clay consisting of alumine and flint. But 
this residue of the decomposed mineral, which in 
its purest state is called porcelain-clay, is found to 
contain only a small proportion of the silica which 
existed in the original felspar. The other part 
therefore must have been dissolved and removed ; 
and this can be accounted for in two ways, first, 
because silex when combined with an alkali is sol- 
uble in water ; secondly, because silex in what is 
technically called its nascent state is also soluble 
in water. Hence an endless supply of silica is 
aflTorded to rivers and the waters of the sea. For 
the felspathic rocks are universally distributed, 
constituting as they do, so large a proportion of the 
volcanic, plutonic, and metamorphic formations. 
Even where they chance to be absent in mass, 
they rarely fail to occur in the superficial gravel 
or alluvial deposits of the basin of every large 
river. 

The disintegration of mica also, another mineral 
which enters largely into the composition of granite 
and various sandstones, may yield silex which may 
be dissolved in water, for nearly half of this mineral 
consists of silica, combined with alumine, potash, 
and about a tenth part of iron. The oxidation of 
this iron in the air is the principal cause of the 
waste of mica. 

We have still, however, much to learn before 



93 FROGBS8 OF PBIMFAOTION. [Gi. IT. 

the conversioD of fossil bodies into stone is fottjr 
understood. Some phenomena seem to imply that 
the mineralization must proceed with considmable 
rapidity, for stems of a soft and succulent character, 
and of a most perishable nature, are preserved in 
flint ; and there are instances of the complete sili- 
cification of the young leaves of a palm-tree when 
just about to ^shoot forth, and in that state which 
in the West Indies is called the cabbage of the 
palm.* It may, however, be questioned whether 
in such cases there may not have been some anti- 
septic quality in the water which retarded putre- 
faction, so that the soft parts of the buried sub- 
stance may have remained for a long time whhout 
disintegration, like the flesh of bodies imbedded 
in peat. 

Mr. Stokes has pointed out examples of petri- 
factions in which the more perishable, and others 
where the more durable portions of wood are 
preserved. These variations, he suggests, must 
doubtless have depended on the time when the 
lapidifying mineral was introduced. Thus, in 
certain silicified stems of palm-trees, the cellular 
tissue, that most destructible part, is in good con- 
dition, all signs of the hard woody fibre having 
disappeared, and the spaces once occupied by it 
being hollow or filled with agate. Here, petri- 
faction must have commenced soon after the wood 

* Stokes, Geo]. Trans, vol. v. p. 212. second series. 
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was exposed to the action of moisture, and the 
supply of mineral matter must then have failed, or 
the water have become too much diluted before 
the woody fibre decayed. But when this fibre is 
alone discoverable, we must suppose that an in- 
terval of time elapsed before the commencement 
of lapidification, during which the cellular tissue 
was obliterated. When both structures, namely, 
the cellular and the woody fibre, are preserved, 
the process must have commenced at an early pe- 
riod, and continued without interruption till it was 
completed throughout.* 

* Stokes, Geo!. Trans, vol. v. p. 212. second series. 
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CHAPTER V. 

SLXYATION OF BTftATA ABOVE THE SEA — HORIZOIfTAL 
AKD IirCUIfED BTEATIFICATIOir. 

Why the position of marine strata, above the level of the 
sea, should be referred to the rising up of the land, not to 
the going down of the sea — Upheaval of extensive mass- 
es of horizontal strata — Inclined and vertical stratifica- 
tion — Anticlinal and synclinal lines — Bent strata in 
east of Scotland — Theory of folding by lateral move- 
ment — Creeps — Dip and strike — Structure of the Ju- 
re — Various forms of outcrop — Rocks broken by flex- 
ure — Inverted position of disturbed strata — Uncon- 
formable stratification — Fractures of strata — Polished 
siirfiices — Faults — Appearance of repeated alternations 
produced by them — Origin of great fiiults. 

Ljijm has been raised^ not the sea lowered. — 
It has been already stated that the aqueous rocks 
containiDg marine fossils extend over wide conti- 
nental tracts, and are seen in mountain chains, ris- 
ing to great heights above the level of the sea. 
Hence it follows, that what is now dry land was 
once under water. But if we admit this conclu- 
sion, we must imagine, either that there has been a 
general lowering of the waters of the ocean, or that 
the solid rocks, once covered hy water, have been 
raised up bodily out of the sea, and have thus 
become dry land. The earlier geologists, finding 
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tbemselyes reduced to this alteroative, embraced 
the former opinioo, assuming that the ocean was 
originally universal, and had gradually sunk down 
to its actual level, so that the present islands and 
continents were left dry. It seemed to them far 
easier to conceive that the water had gone down, 
than that solid land had risen upwards into its 
present position. It was, however, impossible to 
invent any satisfactory hypothesis to explain the 
disappearance of so enormous a body of water 
throughout the globe, it being necessary to infer 
that the ocean had once stood at whatever height 
marine shells might be detected. It moreover ap- 
peared clear, as the science of Geology advanced, 
that certain spaces on the globe had been alter- 
nately sea, then land; then estuary, then sea again, 
and, lastly, once more habitable land^ having re- 
mained in each of these states for considerable pe- 
riods. In order to account for such phenomena, 
without admitting any movement of the land itself, 
we are required to imagine several retreats and 
returns of the ocean ; and even then our theory 
applies merely to cases where the marine strata 
composing the dry land are horizontal, leaving un- 
explained those more common instances where 
strata are inclined, curved, or placed on their 
edges, and evidently not in the position in which 
they were first deposited. 

Geologists, therefore, were at last compelled to 
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have recourse to the other alternative, namely, the 
doctrine that the solid land has been repeatedly 
moved upwards or downwards, so as permanently 
to change its position relatively to the sea. There 
are several distinct grounds for preferring this 
conclusion. First, it will account equally for the 
position of those elevated masses of marine origin 
in which the stratification remains horizontal, and 
for those in which the strata are disturbed, broken, 
inclined, or vertical. Secondly, it is consistent 
with human experience that land should rise grad- 
ually in some places and be depressed in others. 
Such changes have actually occurred in our own 
days, and are now in progress, having been ac- 
companied in some cases by violent convulsions, 
while in others they have proceeded so insensibly, 
as to have been ascertainable only by the most 
careful scientific observations, made at considera- 
ble intervals of time. On the other hand, there is 
no evidence from human experience of a lowering 
of the sea's level in any region, and the ocean can- 
not sink in one place without its level being de- 
pressed throughout the globe. 

These preliminary remarks will prepare the 
reader to understand the great theoretical interest 
attached to all facts connected with the position of 
strata, whether horizontal or inclined, curved or 
vertical. 

Now the first and most simple appearance is 
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where a strata of marine origin occur above the 
level of the sea in horizontal position. Such are 
the strata which we meet with in the south of Sici- 
ly, filled with shells of the same species as now 
live in the Mediterranean. Some of these rocks 
rise to the height of more than 2000 feet above the 
sea. Other mountain masses might be mentioned 
composed of horizontal strata of high antiquity, 
which contain fossil remains of animals wholly dis- 
similar from any now known to exist. In the south 
of Sweden, for example, near Lake Wener, the 
beds of a deposit, called Transition or Silurian by 
geologists, occur in as level a position as if they 
had recently formed part of the delta of a great 
river, and been left dry on the retiring of the an- 
nual floods. Aqueous rocks of about the same 
age extend over the lake-district of North Ameri- 
ca, and exhibit in like manner a stratification near- 
ly undisturbed. The Table Mountain at the Cape 
of Good Hope is another example of highly ele- 
vated yet perfectly horizontal strata, no less than 
3500 feet in thickness, and consisting of sandstone 
of very ancient date. 

Instead of imagining that such fossiliferous 
rocks were always at their present level, and that 
the sea was once high enough to cover them, we 
suppose them to have constituted the ancient bed 
of the ocean, and that they were gradually up- 
lifted to their present height. This idea, faow- 

VOL. I. 9 
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• 

ever startling it may at first appear, is quite ia 
accordance, as before stated, with the analogy of 
changes now going on in certain regions of the 
globe. Thus in parts of Sweden, and the shores 
and islands of the Gulf of Bothnia, proofs have 
been obtained that the land is experiencing, and 
has experienced for centuries, a slow upheaving 
movement. Playfair argued in favor of this opin- 
ion in 1802, and in 1807 Von Buch, after his 
travels in Scandinavia, announced his conviction 
that a rising of the land was in progress. Cel- 
sius and other Swedish writers had, a century 
before, declared their belief, that a gradual change 
had, for ages, been taking place in the relative lev- 
el of land and sea. They attributed the change to 
a fall of the waters both of the ocean and the 
Baltic. This theory, however, has now been re- 
futed by abundant evidence ; for the alteration of 
relative level has neither been universal nor every- 
where uniform in quantity, but has amounted, 
in some regions, to several feet in a century, in 
others to a few inches ; while in the southernmost 
part of Sweden, or the province of Scania, there 
has been actually a loss instead of a gain of land, 
buildings having gradually sunk below the level of 
the sea.* 

• In the first til ree editions of my Principles of Geology, 
I expressed many doubts as to the validity of the alleged 
proofs of a gradual rise of land in Sweden ; but afler visiting 
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It appears from the observations of Mr, Darwin 
and others, that very extensive regions of the con- 
tinent of South America have been undergoing 
slow and gradual upheaval, by which the level 
plains of Patagonia, covered with recent marine 
shells, and the Pampas of Buenos Ayres have been 
exposed.* On the other hand, the gradual sinking 
of the west coast of Greenland, for the space of 
more than 600 miles from north to south, dur- 
ing the last four centuries, has been established by 
the observations of a Danish naturalist. Dr. Pingel. 
And while these proofs of continental elevation 
and subsidence, by slow and insensible movements, 
have been recently brought to light, the evidence 
has been daily strengthened of continued changes 
of level effected by violent convulsions in countries 
where earthquakes are frequent. There the rocks 
are rent from time to time, and heaved up or 
thrown down several feet at once, and disturbed 
in such a manner, that the original position of 
strata may, in the course of centuries, be modified 
to any amount. 

It has also been shown by Mr. Darwin, that, in 

that country, in 1834, I retracted these objections, and 
published a detailed statement of the observations which 
led me to alter my opinion in the Phil. Trans. 1835, Part I. 
See also the Principles, 4th and subsequent editions. 
* See his Journal in Voyage of the Beagle. 
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those seas where circular coral islands abound, 
there is a slow and continued sinking of the sub- 
marine mountains on which the masses of coral 
are based; while in other areas of the South Sea, 
where coral is found above the sea level, and in 
inland situations, and where there are no circular 
or barrier reefs, the land is on the rise.* 

It would require a volume to explain to the 
reader the various facts which establish the reality 
of these movements of land, whether of elevation 
or depression, whether accompanied bjr earth- 
quakes or accomplished slowly and without local 
disturbance. Having treated fully of these sub- 
jects in the Principles of Geology, 1 shall assume, 
in the present work, that such changes are part 
of the actual course of nature ; and when ad- 
mitted, they will be found to afibrd a key to the 
interpretation of a variety of geological appear- 
ances, such as the elevation of horizontal, in- 
clined, or disturbed marine strata, the superpo- 
sition of freshwater to marine deposits, and many 
other phenomena, afterwards to be described. It 
will also appear, in the sequel, how much light 
the doctrine of a continued subsidence of land 
may throw on the manner in which a series of 
strata, formed in shallow water, may have accu- 
mulated to a great thickness. The excavation of 

* Darwin, Proceedings of Geol. Soc. No. 51. p. 552., 
and his Journal in Voyage of the Beagle, vol. iii. p. 557. 
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valleys also, and other effects of denudation, of 
which I shall presently treat, can alone be under- 
stood when we duly appreciate tlie proofs, now on 
record, of the prolonged rising and sinking of 
land, throughout wide areas. 

To conclude this subject, I may remind the 
reader, that were we to embrace the doctrine 
nhich ascribes the elevated position of marine 
formations, and the depression of certain fresh- 
water strata, to oscillations in the level of the 
waters instead of the laud, we should be com- 
pelled to admit that the ocean has been sometimes 
everywhere much shallower than at present, and 
at others more tJian three miles deeper. 

Inclined stratification. — The most unequivocal 
evidence of a change in the original position of 
strau is afforded by their standing up perpen- 
dicularly on their edges, which is by no means a 
rare phenomenon, especially in mountainous coun- 
tries. Thus we find in Scotland, on the southern 
skirts of the Grampians, beds of pudding-stone 
alternating with thin layers of fine sand, all placed 
verdcally to the horizon. 
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most part of an oval shape, had their longer axes 
parallel to the planes of stratification, (See Fig. 
60.) From this he inferred, that such strata must, 
at first, have been horizontal, each oval pebble 
having originally settled at the bottom of the 
water, with its flatter side ' parallel to the horizon, 
for the same reason that an egg will not stand od 
either end if unsupported. Some few, indeed, of 
the rounded stones in a conglomerate may afford 
exceptions to the above rule, for the same reason 
that we see on a shingle beach an occasional oval 
or flat-sided pebble resting on its end or edge; 
some pebbles having been forced along the bottom 
and against each other, may have settled in this 
position. 

Vertical strata, when they can be traced con- 
tinuously upwards or downwards for some depth, 
are almost invariably seen to be parts of great 
curves, which may have a diameter of a few yards, 
or of several miles. I shall first describe two 
curves of considerable regularity, which occur in 
Forfarshire, extending over a country twenty miles 
in breadth, from the foot of the Grampians to the 
sea near Arbroath. 

The mass of strata here shown may be nearly 
2000 feet in thickness, consisting of red and white 
sandstone, and various colored shales, the beds 
being distinguishable into four principal groups, 
namely. No. i. red marl or shale; No. 2. red 
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surface, twice with a 
I southerly and once with 
I a northerly inclinatioD 
3 S or dip, and the beds in 
js No. 1., which are near- 
15 ly horizontal, are still 
y' brought up twice by a 
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of the Grampians. The superior strata Nos. 2. 
and 1. become less and less iDclioed on de- 
sceoding to the valley of Strathmore, where the 
strata, having a concave bend, are said bjr geo- 
logists to lie in a " trough" or " basin." Through 
the centre of this valley runs an imaginary line 

A, called technically a ^' synclinal line," where 
the beds, which are tilted in opposite directions, 
may be supposed to meet. It is most important 
for the observer to mark such lines, for he 
will perceive by the diagram, that in travelling 
from ^the north to the centre of the basin, he 
is always passing from older to newer beds } 
whereas, after crossing the line A, and pursuing 
his course in the same southerly direction, he is 
continually leaving the newer, and advancing 
upon older strata. All the deposits which he 
had before examined begin then to recur in re- 
versed order, until he arrives at the central axis 
of the Sidlaw hills, where the strata are seen to 
form an arch or saddle, having an anticlinal line, 

B, in the centre. On passing this line, and con- 
tinuing towards the S. £., the formations 4, 3, 
and 2, are again repeated, in the same relative 
order of superposition, but with a northerly dip. 
At Whiteness (see diagram) it will be seen that 
the inclined strata are covered by a newer de- 
posit, a, in horizontal beds. These are composed 
of red conglomerate and sand, and are newer than 
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any of the groups, 1, 2, 3, 4, before described, 
and rest unconformabli/ upon strata of the sand- 
stone group. No. 2. 

An example of curved strata, in which the bends 
or convolutioDS of the rock are sharper and far 
more numerous within an equal space, has been 




well described by Sir James Hall,* It occurs 
near St. Abb's Head, on the east coast of Scot- 
land, where the rocks consist principally of a 
bluish slate, having frequently a ripple-marked 
surface. The undulations of the beds reach from 
the top to the bottom of cliffs from 200 to 300 
feet in height, and there are sixteen distinct 
bendings in the course of about six miles, the 
curvatures being alternately concave and convex 
upwards. 

* Edin. Trana. vol. vii. pL 3. 
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EXPEKlMZNTa TO ILLUSTRATE 



An experiment was made by Sir James Halt, 
with a view of illustrating the manner in which 
such strata, assuming them to have been originally 
horizontal, may have heen forced into their pres* 
ent position. A set of layers of clay were placed 
under a weight, and their opposite ends pressed 
towards each other with such force as to cause 
them to approach more nearly together. On the 
removal of the weight, the layers of clay were 
found to be curved and folded, so as to bear a 
miniature resemblance to the strata m the chSs 
We roust, however, bear m mind, that in the 
natural section or sea-cliff we only see the foldings 
imperfectly, one part being invisible beneath the 
sea, and the other, or upper portion, being sup- 
posed lo have been carried away by denadatton, 
Fig 63 




or that aciion of water which will be evplamed m 
the next cliapter The dark lines in the accom- 
panying plan {Fig 63 ), represent what is actually 
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seen of the strata in part of the line of clifi* alluded 
to ; the fainter lines, that portion which is con- 
cealed beneath the sea level, as also that which is 
supposed to have once existed above the present 
surface. 

We may still more easily illustrate the effects 
which a lateral thrust might produce on flexible 
strata, by placing several pieces of differently 



Fig. 64. 




colored cloths upon a table, and when they are 
spread out horizontally, cover them with a book. 
Then apply other books to each end, and force 
them towards each other. The folding of the 
cloths will exactly imitate those of the bent strata. 
(See Fig. 64.) 

Whether the analogous flexures in stratified 
rocks have really been due to similar side- 
way movements is a question of considerable dif- 
ficulty. It will appear when the volcanic and 
granitic rocks are described, that some of them 
have, when melted, been injected forcibly into 
fissures, while others, already in a solid state, have 
been protruded upwards through the incumbent 
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crust of the earth, by which a great displacement 
of flexible strata must have been caused. 

But we also know by the study of regions liable 
to earthquakes, that there are causes at work in 
the interior of the earth capable of producing a 
sinking in of the ground, sometimes very local, 
but sometimes extending over a wide area. The 
frequent repetition, or continuance throughout 
long periods, of such downward movements seems 
to imply the formation and renewal of cavities at 
a certain depth below the surface, whether by the 
removal of matter by volcanos and hot springs, or 
by the contraction of argillaceous rocks by heat 
and pressure, or any other combination of circum- 
stances. Whatever conjectures we may indulge 
respecting the causes, it is certain that pliable beds 
may, in consequence of unequal degrees of subsi- 
dence, become folded to any amount, and have 
all the appearance of having been compressed 
suddenly by a lateral thrust. 

The " Creeps," as they are called in coal mines, 
afford an excellent illustration of this fact. First, 
it may be stated generally, that the excavation of 
coal at a considerable depth causes the mass of 
overlying strata to sink down bodily, even when 
props are left to support the roof of the mine. 
" In Yorkshire," says Mr. Buddie, " three distinct 
subsidences were perceptible at the surface, after 
the clearing out of three seams of coal below, and 
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innumerable vertical cracks were caused in the 
incumbent mass of sandstone and shale, which thus 
settled down." * The exact amount of depression 
in these cases can only be accurately measured 
where water accumulates on the surface, or a rail- 
way traverses a coal-field. 

When a bed of coal is worked out, pillars or 
rectangular masses of coal are left at intervals as. 
props to support the roof, and protect the colliers. 
Thus in Fig. 65., representing a section at Walls- 
end, Newcastle, the galleries which have been ex- 
cavated are represented by the white spaces a 6,. 
while the adjoining dark portions are parts of the 
original coal-seam left as props, beds of sandy clay 
or shale constituting the floor of the mine. When 
the props have been reduced in size, they are 
pressed down by the weight of overlying rocks, 
no less than 630 feet thick, upon the shale below, 
which is thereby squeezed and forced up into the 
open spaces. 

Now it might have been expected, that instead 
of the floor rising up, the ceiling would sink down, 
and this eflfect, called a " Thrust," does, in fact,, 
take place where the pavement is more solid than 
the roof. But it usually happens, in coal-mines,, 
that the roof is composed of sandstone or other 
materials more unyielding than the foundation,, 
which often consists of clay or shale. Even where 

* Proceedings of Geol Soc vol. iii. p. 148. 
VOL. !• 10 
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the argillaceous substrata are bard at first, they 
sooD become softened and reduced to a plastic state 
when exposed to the contact of air and water in 
the floor of a mine. 

The first symptom of a "creep," says Mr. Buddie, 
is a slight curvature at the bottom of each gallery, 
as at a. Fig. 65. : then the pavement continuing to 
rise, begins to open with a longitudinal crack, as at 
b : then the points of the fractured ridge reach the 
roof, as at c; and, lastly, the upraised beds close 
up the whole gallery, and the broken portions of 
the ridge are reunited and flattened at the top, 
exhibiting the flexure seen at d. Meanwhile the 
coal in the props has become crushed and cracked 
by pressure. It is also found, that below the creeps 
a, i, c, d^ an inferior stratum, called the " metal 
coal," which is three feet thick, has been fractured 
at the points, e, /, g, h, and has risen, so as to 
prove that the upward movement, caused by the 
working out of the " main coal," has been propa- 
gated through a thickness of 54 feet of argillaceous 
beds, which intervene between the two coal seams. 
This same displacement has also been traced down- 
wards more than 150 feet below the metal coal, 
but it grows continually less and less until it be- 
comes imperceptible. 

No part of the process above described is more 
deserving of our notice than the slowness with 
which the change in the arrangement of the beds 
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b brought about. Days, months, or eren years, 
will sometimes elapse between the first bending of 
the pavement and the time of its reaching the roof. 
Where the movement has been most rapid, the 
curvature of the beds is most regular, and the re- 
union of the fractured ends most complete ; whereas 
the signs of displacement or violence are greatest in 
those creeps which have required months or years 
for their entire accomplishment. Hence we may 
conclude that similar changes may have been 
wrought on a larger scale in the earth's crust by 
partial and gradual subsidences, especially where 
the ground has been undermined throughout long 
periods of time ; and we must be on our guard 
against inferring sudden violence, simply because 
the distortion of the beds is excessive. 

Between the layers of shale, accompanying coal, 
we sometimes see the leaves of fossil ferns spread 
out as regularly as dried plants between sheets of 
paper in the herbarium of a botanist. These fern- 
leaves, or fronds, must have rested horizontally on 
soft mud, when first deposited. If, therefore, they 
and the layers of shale are now inclined, or stand- 
ing on end, it is obviously the effect of subsequent 
derangement. The proof becomes, if possible, still 
more striking when these strata, including vege- 
table remains, are curved again and again, and 
even folded into the form of the letter Z, so that the 
same continuous layer of coal is cut through several 
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beodiags are repeated four or five times, in the 
maoner represoDted in Fig. 66., the black lines re- 
presenting seams of coal.* 

Dip and Strike. — In the above remarks, sever- 
al technical terms hare beeo used, such as dip, the 
uncoriformable position of strata, and the anticlinal 
and synclinal lines, which, 8s well as the strike of 
the beds, I shall now explain. If a stratum or 
bed of rock, instead of being quite level, he in* 
clined to one side, it is said to dip ; the point of 
the compass to which it is inclined is called the 
point of dip, and the degree of deviation from a 
level or horizontal line is called the amount of dip, 

* See plan by H. Chenlier, Bunt's D'AubuksoQ, torn. 
■i.p.334. 

10* 
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s Fif.67. ^ or the angle of dip. 

Thus, in the an- 
nexed diagram 

aeaLevd. jvXNN^sN^^^^v (^'S* ^"^O* » se- 
ries of strata are 

inclined, and they dip to the north at an angle of 
forty-five degrees. The strike^ or line of bearings 
is the prolongation or extension of the strata in a 
direction at right angles to the dip ; and hence it 
is sometimes called the direction of the strata. 
Thus, in the ahove instance of strata dipping to the 
tiorth, their strike must necessarily be east and 
west. We have borrowed the word from the 
<jerman geologists, streichen signifying to extend, 
to have a certain direction. Dip and strike may 
foe aptly illustrated by a row of houses running 
east and west, the long ridge of the roof repre- 
senting the strike of the stratum of slates, which 
dip on one side to the north, and on the other to 
the south. 

A stratum which is horizontal, or quite level in 
^11 directions, has neither dip nor strike. 

It is always important for the geologist, who is 
endeavouring to comprehend the structure of a 
•country, to learn how the beds dip in every part of 
the district; but it requires some practice to avoid 
foeing occasionally deceived, both as to the point of 
4lip and the amount of it. 

If the upper surface of a hard JBtony stratum be 
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uncovered, whether artificially in a quarry, or by 
the naves at the foot of a cliff, it is easy to deter- 
mine towards what point of the compass the slope 
is steepest, or in what direction water would flow, 
if poured upon it. This is the true dip. But 
the edges of highly inclined strata may give rise 
to perfectly horizontal lines in the face of a ver- 
tical cliff, if the observer see the strata in (he line 
of their strike, the dip being inwards from the 
face of the cliff. If, however, we come to a break 
in the cliff, which exhibits a section exactly at 
right angles to the line of the strike, we are then 
able to ascertain the true dip. In the annexed 
drawing (Fig. 68.), we may suppose a headland. 



Fig. 68. 




one »de of which faces lo the north, where the 
beds would appear perfectly horizontal, to a per- 
son in the boat ; while in the other side facing the 
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west, the true dip would be seen by the person on 
shore to be at an angle of 40^. If, therefcMre, our 
observations are confined to a vertical precipice 
facing in one direction, we must endeavour to find 
a ledge or portion of the plane of one of the beds 
projecting beyond the others, in order to ascertain 
the true dip. 

It is rarely important to determine the angle of 
inclination with such minuteness as to require the 
aid of the instrument called a clinometer. We 
Fig. €9. ^ may measure the angle 

within a few degrees by 
standing exactly oppo- 
site to a clifiT where the 
true dip is exhibited, 
holding the hands im- 
mediately before the 
eyes, and placing the 
fingers of one in a per- 
pendicular, and of the other in a horizontal posi- 
tion, as in Fig. 69. It is thus easy to discover 
whether the lines of the inclined beds bisect the 
angle of 90°, formed by the meeting of the hands, 
so as to give an angle of 46°, or whether it would 
divide the space into two equal or unequal por- 
tions. The upper dotted line may express a stra- 
tum dipping to the north ; but should the beds dip 
precisely to the opposite point of the compass as in 
the lower dotted line, it will be seen that the 
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amount of inclination may still he measured by the 
bands witb equal facility. 

It bas been already seen, in describing the curved 
strata on the east coast of Scotland, in Forfar- 
shire and Berwickshire, that a series of concave 
and convex bendings are occasionally repeated 
several times. These usually form part of a se- 
ries of parallel waves of strata, which are pro- 
longed in the same direction throughout a con- 
siderable extent of country. Thus, for example, 
in the Swiss Jura, that lofty chain of mountains 
has been proved to consist of many parallel ridges, 
with intervening longitudinal valleys, as in Fig. 70., 
the ridges being formed by curved fossiliferous 
strata, of which the nature and dip are occasionally 
displayed in deep transverse gorges, called " cluses," 
caused by fractures at right angles to the direction 
of the chain.* Now let us suppose these ridges 
and parallel valleys to run north and south, we 
should then say that the strike of the beds is 
north and south, and the dip east and west. A 
line drawn along the summit of the ridges A, B 
would be an anticlinal line, and one following the 
bottom of the adjoining valleys a synclinal line. 
It will be observed that some of these ridges, A, B, 
are unbroken on the summit, whereas one of them, 

* See M. Thunnann's work, ^ Essai sur les Soul^vemens 
Jurassiques du Porrentruy, Paris, 183d," with whom I ex- 
amined part of these mountains in 1835. 
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C, has beea fractured along the Une of strike, 
and a portion of it carried away by denudation, 
BO that the edges of the beds in the formations 
a, b, e, come out to the day, or, as the miners say, 
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crop out, on the sides of a valley. The ground 
plan of such a denuded ridge as C, as given in 
a geological map, may be expressed by the dia- 
gram Fig. 71., and the cross section of ibe same 
by Fig. 72. The line D E, Fig. 71., is the anti- 



Fig. 71. 
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clinal line, on each side of which the dip is in 
opposite directions, as expressed by the arrows. 
The emergence of strata at the surface is called 
by miners their outcrop or basset. 

If, instead of being folded into parallel ridges, 
the beds form a boss or dome-shaped protuberance, 
and if we suppose the summit of the dome carried 
off, the ground plan would exhibit the edges of 
the strata forming a succession of circles, or ellip- 
ses, around a common centre. These circles are 
the lines of strike, and the dip being always at 
right angles is inclined in the course of the circuit 
to every point of the compass, constituting what is 
termed a qua-qua-versal dip, — that is, turning 
each way. 

There are endless variations in the figures 
described by the basset-edges of the strata, ac- 
cording to the different inclination of the beds, 
and the mode in which they happen to have been 
denuded. One of the simplest rules with which 
every geologist should be acquainted, relates to 
the V-like form of the beds as they crop out in 
an ordinary valley. First, if the strata be hori- 
zontal, the V-like form will be also on a level, 
and the newest strata will appear at the greatest 
heights. 

Secondly, if the beds be inclined and intersected 
by a valley sloping in the same direction, and the 
dip of the beds be less steep than the slope of the 
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valley, iheD the V's, as they are often termed by 
miDers, will point upwards (see Fig. 73.)| those 
formed by the newer beds appearing ia a superior 
position, and extending highest up the valley, as A 
is seen above B. 

Thirdly, if the dip of the beds be steeper than 
the slope of the valley, then the V's will point 
downwards (see Fig. 74.), and those formed of the 
older beds will now appear uppermost, as B ap- 
pears above A. 

Fourthly, in every case where the strata dip in 
a contrary direction to the slope of the valley, 
whatever be the angle of inclination, the newer 
beds will appear the highest, as in the first and 
second cases. This is shown by the drawing (Fig. 
75.), which exhibits strata rising at an angle of 20^, 
and crossed by a valley, which declines in an op- 
posite direction at 20^.* 

These rules may often be of great practical 
utility ; for the different degrees of dip occurring 
in the two cases represented in figures 73. and 74. 
may occasionally be encountered in following the 
same line of flexure at points a few miles distant 
from each other. A miner unacquainted with the 
rule, who had first explored the valley (Fig. 73.), 
may have sunk a vertical shaft below the coal 

^ I am indebted to the kindness of T. Sqpwith, Esq., for 
three models constructed by him, which I have copied in 
the above diagrams. 
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seam A, until be reached the ioferior bed B. He 
might tbeo pass to the valley Fig. 74., and, dis- 
covering there also the outcrop of two coal 
seams, might begin his workings in the uppermost 
in the expectation of coming down to the other 
bed A, which would be observed cropping out 
lower down the valley. But a glance at the 
section will demonstrate the futility of such 
hopes. 

In the majority of cases, an anticlinal axis forms 

a ridge, and a synclinal axis a valley, as in A, B, 

Fig. 61. p. 103. ; but there are exceptions to this 

Figr.76. juie^ the beds sometimes 

sloping inwards from either 

side of a mountain, as in 

Fig. 76. 
On following one of the 

anticlinal ridges of the Jura, 
before mentioned, A, B, C, Fig. 70., we often 
discover longitudinal cracks and sometimes large 
fissures along the line where the flexure was 
greatest. Some of these, as above stated, have 
been enlarged by denudation into valleys of con- 
siderable width, as at C. (Fig. 70.), which follow 
the line of strike, and which we may suppose to 
have been hollowed out at the time when these 
rocks were still beneath the level of the sea, or 
perhaps at the period of their gradual emergence 
from beneatli the waters. The existence of such 
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crdcks at the point of the sharpest heading of 
solid strata of limestone, such as that constituting 
the formation a (Fig. 70), is precisely what we 
should have expected ; but the occasional want of 
all similar signs of fracture, even where the strain 
has been equally great, is not always easy to ex* 
plain. We must imagine that many strata of 
limestone, chert, and other rocks which are now 
brittle, were pliant when bent into their present 
position. They may have owed their flexibility 
in part to the fluids which they contained in their 
minute pores, as before described (p. 76.), and 
in part to the permeation of sea water while they 
were yet submerged. 

At the western extremity of the Pyrenees, great 
curvatures of the strata are seen in the sea cliffs, 
where the rocks con»st of marl, grit, and chert. 
At certain points, as at a (Fig. 77.), some of the 



Fig. 77. 




Strata qf ehertf grit, and marl, near St. Joan d$ Lmz, 

bendings of the flinty chert are so sharp, that 
specimens might be broken off, well fitted to serve 
as ridge-tiles on the roof of a house. Although 
this chert could not have been brittle as now, 
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when first folded into this shape, it presents, nerer- 
theless, here and there at the points of greatest 
flexure small cracks, which show that it was solid, 
and not wholly incapable of breaking at the period 
of its displacement. The numerous rents alluded 
to are not empty, but filled with calcedony and 
quartz. 

Between San Caterina and CastrogioTanni, in 

Sicily, bent and undulating gypseous marls occur, 

with here and there thin beds of solid gypsum in- 

Fig. 78. terstratified. Sometimes 

these solid layers have 
been broken into de- 
tached fragments, still 
preserving their sharp 
edges, (g g, Fig. 78.), 
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«. marl, ^hile the continuity of 
the more pliable and ductile marls, m m, has not 
been interrupted. 

I shall conclude my remarks on bent strata 
by stating, that, in mountainous regions like the 
Alps, it is often difficult for an experienced geo- 
logist to determine correctly the relative age of 
beds by superposition, so often have the strata 
been folded back upon themselves, the upper 
parts of the curve having been removed by de- 
nudation. Thus, if we met with the strata seen 
in the section Fig. 79., we should naturally sup- 
pose that there were twelve distinct beds, or sets 
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of beds, No. 1. being 
ihe you Dg est, and 
No. 12. the oldest of 
ibe series. But this 
section may, perhaps, exhibit merely nx beds, 
trhicb have been folded in the manner seen in 
Fig. 80., so that each of them are twice repeated, 
the position of one half being reversed, and part 
of No. 1., originally the uppermost, having now 
become the lowest of the series. These pbe- 




Bomeaa are often observable on a magnificent 
scale in certain regions in Switzerland, where 
there are precipices from SOOO to 3000 feet in 
p^iendicular height. In the iselten Alp, in ^e 
valley of the Lulschine, between Unterseen and 
Griadelwald, curves of calcareous shale are seen 
ftom 1000 to 1500 feet in height, in which the 
b«ds sometimes plunge down vertically for a depth 
of 1000 feet and noore, before they bend round 
again. There are many flexiu-es not inferior in 
11* 




dimeDsioDS io the Pyreoees, as those near Gt- 
varaie, at the base of Mont Perdu. 

Unconformable itratificalion.— Strata are said 
to be unconformable, when one series is so placed 
over aDOlber, that the planes of the superior repose 
on the edges of the inferior (see Fig. 83.). In this 
-case it is evident that a period had elapsed be- 
tween the production of the two sets of strata, 
and that, during this interval, the inferior series 
tiad been tilted and disturbed. Afterwards the 
upper series was thrown down in horizontal strata 
upon it. If these superior beds are also inclined, 
it is plain thai the lower strata have been twice 
displaced ; first, when they were themselves brought 
into an inclined position, and a second time when 
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the superior beds were thrown out of the hori- 
zootal line. 

It often happens, that, in the interval between 
the deposition of two sets of unconformable strata, 
the inferior rock has been denuded, and sometimes 
drilled by perforating shells. Thus, for example, 
at Autreppe and Gusigny, near Mons, beds of 

i_. Fig. 82. 




Jwution of wumtfornuMe »trata near MotUf t» BeigiMm, 

ancient stone, commonly called transition lime- 
stone, highly inclined, and often bent, are covered 
with horizontal strata of greenish and whitish 
marls of the Cretaceous formation, which will be 
described in a future chapter. The lowest and 
therefore the oldest bed of the horizontal series is 
usually the sand and conglomerate, a, in which 
are rounded fragments of stone, from an inch 
to two feet in diameter. These fragments have 
often adhering shells attached to them, and have 
been bored by perforating mollusca. The solid 
surface of the inferior limestone has also been 
bored, so as to exhibit cylindrical and pear- 
shaped cavities, as at c, the work of saxicavous 
mollusca ; and many rents, as at 6, which descend 
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gereral feet or jtrdt into the limestODet have been 
filled with sand and shells, similar to tbooe m the 
stratum a. 

Fraciura ^ihe Mtrata andfauU$.'^J!iumerou% 
rents may often be seen in rocks which appear to 
have been simply broken, the separated parts 
remaining in the same places ; but we oftea find 
a fissure, several inches or yards wide, intervening 
between the disunited portions. These fissures 
are usually filled with fine earth and sand, or with 
angular fragments of stone, evidently derived 
from the fracture of the contiguous rocks. 

The face of each wall of the fissure is often 
beautifully polished, as if glazed, and not unfre- 
quently striated or scored with parallel furrows 
and ridges, such as would be produced by the 
continued rubbing together of surfaces of unequal 
hardness. These polished surfaces are called by 
miners ^^ slickensides." It is supposed that the 
lines of the striae indicate the direction in which 
the rocks were moved. During one of the late 
minor earthquakes in Chili, the brick walls of a 
building were rent vertically in several places, 
and made to vibrate for several minutes during 
each shock, after which they remained uninjured, 
and without any opening, although the line of 
each crack was still visible. When all move- 
ment had ceased, there were seen on the floor of 
the house, at the bottom of each rent, small heaps 
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of fine brickdusty evidently produced by tritu* 
ration. 

It is not uncommon to find the mass of rock, 
on one side of a fissure, thrown up above or 
down below the mass with which it was once m 
contact on the other side. This mode of displace- 
ment is called a shift, slip, or fault. <' The miner," 
says Playfair, describing a fault, " is often per- 
plexed, in his subterraneous journey, by a de- 
rangement in the strata, which changes at once all 
those lines and bearings which had hitherto di- 
rected his course. When his mine reaches a 
certain plane, which is sometimes perpendicular, 
as in A B, Fig. 83., sometimes oblique to the ho- 
rizon (as in C D, ibid.), he finds the beds of rock 
broken asunder, those on the one side of the 

Fig. 83. 




FoMlto . A B perptn^eidar, D oUigiM to the korisoit, 

plane having changed their place, by sliding 
in a particular direction along the face of the 
others. In this motion they have sometimes pre- 
served their parallelism, as in Fig. 83., so that the 
strata on each side of the faults, A B, C D, con- 
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tiaiio parallfll to one anodier ; in other caies, the 
strata OD each side are iaclined, at in a, b, e, d, 
(Fig. 64.), though their identity ia atilt to be rec- 




ognised by their possessing the same thickness, 
and the same iDternal characters." * 

In Coalbrook Dale, says Mr. Preetwichf , de- 
posits of sandstone, shale, and coal, several thousand 
feet thick] and occupyiDg an area of maey miles, 
have been shivered iota fragments, and the 
broken remnants have been placed in very dis- 
cordant positions, often at levels difiering several 
hundred feet from each other. The sides of the 
faults, when perpendicular, are commonly separ- 
ated several yards, but are sometimes as much 
as 50 yards asunder, the interval being filled with 
broken dibrit of the strata. In following the 
course of the same fauh it is sometimes found 
to produce, in different places, very unequal 
changes of level, the amount of shift being in one 

• Playfeir, lllurt. of Hutt. Theory, § 42. 
f Geol. Trans. Becond aeriei^ voL v. p. 4S2. 
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place 300, and in aDother 700 feet, which arises, 
in some eases, from the union of two or more 
faults. In other words, the disjointed strata have 
in certain districts been subjected to renewed 
movements, which they have not suffered else- 
where. 

We may occasionally see exact counterparts of 
these slips, on a small scale, in pits of fine loose 
sand and gravel, many of which have doubtless 
been caused by the drying and shrinking of ar- 
gillaceous and other beds, slight subsidences hav- 
ing taken place from failure of support. Some- 
times, however, even these small slips may have 
been produced during earthquakes ; for land has 
been moved, and its level, relatively to the sea, 
considerably altered, within the period when much 
of the alluvial sand and gravel now covering the 
surface of conunents was deposited. 

I have already stated that a geologist must be 
oo his guard, in a region of disturbed strata, against 
inferring repeated alternations of rocks, when, in 
fact, the same strata, once continuous, have been 
b^at round so as to recur m the same section, and 
with the same dip. A similar mistake has often 
been occasioned by a series of faults. 

If, for example, the dark line A H (Fig. 85.) 
represent the surface of a country on which the 
strata ab c frequently crop out, an observer, who 
is proceeding from H to A, might at first imagine 



that at evwy step he was approacbiag oew strata, 
whereas the repeliticw of the same beds has been 




caused by vertical faults, or downthrows. Thus, 
suppose the original mass, A, B, C, D, to have 
beea a set of UDiformly inclined strata, aod that 
the different masses under E F, F G, and G D, 
sank down successively, so as to leave vacant the 
spaces marked in the diagram by dotted tines, 
and to occupy those marked by the continuous 
lines, then let denudauon take place along the 
line A H, so thai the protruding and triangular 
masses indicated by the fainter lines, are swept 
away, -^ a miner, who has not discovered the faults, 
finding the mass a, which we wilt suppose to be a 
bed of coal four times repeated, might hope to Gnd 
four beds, workable to an indeSuite depth, but 
first on arriving at the fault G he is stopped sud- 
denly in his workings, upon reaching the strata 
of sandstone c, or on arriving at the line of fault 
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F he comes partly upon the shale 6, and partly on 
the sandstooe c, and on reaching E he is again 
stopped by a Wall composed of the rock d. 

The very different levels at which the separated 
parts of the same strata are found on the different 
sides of the fissure, in some faults, is truly astonish- 
ing. One of' the most celebrated in England is 
that called the *' ninety-fathom dike," in the coal- 
field of Newcastle. This name has been given to 
it, because the same beds are ninety fathoms lower 
on the northern than they are on the southern side. 
The fissure has been filled by a body of sand, 
which is now in the state of sandstone, and is 
called the dike, which is sometimes very narrow,, 
but in other places more than twenty yards wide.* 
The walls of the fissure are scored by grooves,, 
such as would have been produced if the broken 
ends of the rock had been rubbed along the plane 
of the fault.f In the Tynedale and Craven faults,^ 
in the nortli of England, the vertical displacement 
is still greater, and has extended in a horizontal di- 
rection for a distance of thirty miles or more. Some 
geologists consider it necessary to imagine that the 
upward or downward movement in these cases 
was accomplished at a single stroke, and not by 
a series of sudden but interrupted movements. 

* Conybeare and Phillips, Outlines, &c. p. 376. 
t Phillips, Geology, Lardner's Cyclop, p. 41. 

VOL. I. 12 
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This idea appears to have been derived from a 
ootioD that the grooved walls have merely been 
rubbed in one direction. But this is so far from 
being a constant phenomenon in faults, that it has 
often been objected to the received theory re- 
specting those polished surfaces called " slicken- 
sides," that the strie are not always parallel, 
but often curved and irregular. It has, mate- 
over, been remarked, that not only the walls of 
the fissure or fault, but its earthy contents, some- 
times present the same polished and striated faces. 
Now these facts seem to indicate partial changes 
in the direction of the movement, and some 
slidings subsequent to the first filling, up of the 
fissure. Suppose the mass of rock A, B, C, to 
overlie an extensive chasm d e, formed at the depth 

Fig. 86. 
ABC 




of several miles, whether by the gradual contraction 
m bulk of a mass of strata, baked by a moderate 
heat, or by the subtraction of matter by volcanic 
action, or any other cause s Now if this region be 
convulsed by earthquakes, the fissures ^g*, and 
others at right angles to them, may sever the mass 
B from A and from C, so that it may move freely, 
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and begin to nnk into the chasm. A fracture may 
be conceived so clean and perfect as to allow it to 
subside at once to the bottom of the subterranean 
cavity ; but it is far more probable that the sinking 
will be ^ected at successive periods during dif- 
ferent earthquakes, the mass always continuing to 
slide in the same direction along the planes of the 
fissures/^, and the edges of the falling mass being 
continually more broken and triturated at each 
convulsion. If, as is not improbable, the circum- 
stances which have caused the failure of support 
continue in operation, it may happen that when 
the mass B has filled the cavity first formed, its 
foundations will again give way under it, so that 
it will fall again in the same direction. But, if 
the direction should change, the fact could not be 
discovered by observing the slickensides, because 
the last scoring would efiface the lines of previous 
friction. In the present state of our ignorance of 
the causes of subsidence, an hypothesis which can 
explain the great amount of displacement in some 
faults, on sound mechanical principles, by a suc- 
cession of movements, is far preferable to any 
theory which assumes each fault to have been ac- 
complished by a single upcast or downthrow of 
several thousand feet. For we know that there 
are operations now in progress, at great depths 
in the interior of the earth, by which both large 
and small tracts of ground are made to rise above 
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and sink below their former level, some slowly and 
iDseosibtyy others suddenly and by starts, a few 
feet or yards at a time; whereas there are no 
grounds for believing, that, during the last 3000 
years at least, any regions have been either up- 
heaved or depressed, at a single stroke, to the 
amount of several hundred, much less several 
thousand feet. 
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Denudation defined — Its amount equal to the entire mass 
of stratified deposits in the earth's crust — Horizontal 
sandstone denuded in Ross-shire — Levelled surface of 
countries in which great fiiults occur — Coalbrook Dale 
— Denuding power of the ocean during the emergence 
of land — Origin of valleys — Inland sea-clifis and ter- 
races in the Morea and Sicily — Limestone pillars at St 
Mihiel, in France — in Canada — in the Bermudas — 
Obliteration of clifi& 

Denudation, which has been occasionally spoken 
of in the preceding chapters, is the removal of 
solid matter by running water, whether by a river 
or marine current, and the consequent laying 
bare of some inferior rock. Geologists have per- 
haps been seldom in the habit of reflecting that 
this operation has exerted an influence on the 
structure of the earth's crust as universal and 
important as sedimentary deposition itself; for 
denudation is the inseparable accompaniment of 
the production of all new strata of mechanical 
origin. The formation of every new deposit by 
the transport of sediment and pebbles necessarily 
implies that there has been^ somewhere else^ a 
12* 



138 DSNUDATKUf OF BOOK!. [Ck. TL 

griodiog down of rock mto rounded f ragments, 
sand, or mud, equal in quantity to the new strata. 
All deposition, therefore, except in the case of a 
shower of volcanic ashes, is the sign of super6cial 
waste going on contemporaneously, and to an 
equal amount, elsewhere. The gain at one point 
is no more than sufficient to balance the loss at 
some other. Here a lake has grown shallower, 
there a ravine has been deepened. The bed of 
the sea has in one region been raised by the accu- 
mulation of new matter, in another its depth has 
been augmented by the abstraction of an equal 
quantity. 

When we see a stone building, we know that 
somewhere, far or near, a quarry has been opened. 
The courses of stone in the building may be com- 
pared to successive strata, the quarry to a ravine 
or vaiiey which has suffered denudation. As the 
strata, like the courses of hewn stone, have been 
laid one upon another gradually, so the excavation 
both of the valley and quarry have been gradual. 
To pursue the comparison still further, the super- 
ficial heaps of mud, sand, and gravel usually called 
alluvium, may be likened to the rubbish of a quar- 
17 which has been rejected as useless by the work- 
men, or has fallen upon the road between the 
quarry and the building, so as to lie scattered at 
random over the ground. 

If, then, the entire mass of stratified deposits in 
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the earth's crust is at once the moDument and mea- 
sure of the denudation which has taken place, on 
how stupendous a scale ought we to find the signs 
of this removal of transported materials in past 
ages ! Accordingly, there are different classes of 
phenomena, which attest in a most striking manner 
the vast spaces left vacant by the erosive power 
of water. I may allude, first, to those valleys on 
both sides of which the same strata are seen fol- 
lowing each other in the same order, and having 
the same mineral composition and fossil contents. 
We may observe, for example, several formations, 
as Nos. ] , 2, 3, 4, in the accompanying diagram 
Kg. 87. , (Fig. 87.); No. 1. con- 

glomerate. No. 2. clay, 
No. 3. grit, and No. 4. 
limestone, each repeated 
in a series of hills separ- 

FaUqfs tf denudation, ^ *■ 

a.aUaTiiim. ated by valleys varying in 

depth. When we examine the subordinate parts of 
these four formations, we find, in like manner, dis- 
tinct beds in each, corresponding, on the opposite 
sides of the valleys, both in composition and order 
of position. No one can doubt that the strata were 
originally continuous, and that some cause has 
swept away the portions which once connected the 
whole series. A torrent on the side of a mountain 
produces similar interruptions ; and when we make 
artificial cuts in lowering roads, we expose, in like 
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maoDer, correspoading beds on either aide. Bm 
in nature, these appearances occur m mooBtains 
several thousand feet high, and separated bj inter- 
vab of many miles or leagues in extent, of which 
a grand exemplification is described by Dr. Mac- 
CuUocb, on the northwestern coast of Ross-shire, 
in Scotland.* 

Fig. 88. 
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The fundamental rock of that country is gneiss, 
in disturbed strata, on which beds of nearly hori- 
zontal red sandstone rest unconformably. The 
latter are often very thin, forming mere flags, with 
their surface distinctly ripple-marked. They end 
abruptly on the declivities of many insulated 
mountains, which rise up at once to the height of 
about 2000 feet above the gneiss of the surround- 
ing plain or table land, and to an average elevation 
of about 3000 feet above the sea, which all their 
summits generally attain. The base of gneiss 
varies in height, so that the lower portions of the 
sandstone occupy different levels, and the thick- 
ness of the mass is various, sometimes exceeding 
3000 feet. It is impossible to compare these 

* Western Islands, vol. il p. 93. pi 31. ^, 4. 
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scattered and detached portioiis without imaginiog 
that the iriiole coontry has ooce heea covered with 
a great body of sandstooe, and that masses from 
1000 to more than 3000 feet m thickness have 
been removed. 

But perhaps the most convincmg evidence of 
denudation on a magnificent scale is derived from 
the levelled surface of many districts, in which 
large fruits occur. I have already shown, in Fig. 
85. p. 132., and in Fig. 89., how angular and pro- 
truding masses of rock might naturally have been 
looked for on the surface inunediately above great 
faults, although in fret they rarely exist. This 
phenomenon may be well studied in those districts 
where coal has been extensively worked, for there 
the former relation of the beds which have shifted 
their position may be determined with great ac- 
curacy. Thus m the coal field of Ashby de la 

F!^. 89. 
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Zouch, in Leicestershire (see Fig. 89.), a fault oc- 
curs, on one side of which the coal beds abed 
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rite to the height of 500 feet above the cone- 
qponding beds on the other «de. Bat the op- 
fified stntm do not stand op 500 feet above the 
general surface ; on the contrary, the outKne of 
the country, as expressed by the line x x^is oni* 
form and unbroken, and the mass indicated by 
the dotted outline roust have been washed away.* 
There are proofs of this kind in some levd conn** 
tries, where dense masses of strata have beea 
cleared away from areas several hundred square 
miles in extent. 

In the Newcastle coal district it is ascertained 
that faults occur in which the upward or down- 
ward movement could not have been less than 
140 fathoms, which, had they afl^ted equally the 
configuration of the surface to that amount, wocdd 
produce mountains with precipitous escarpments 
nearly 1 000 feet hi^, or chasms of the like depth ; 
yet is the actual level of the country absolutely 
uniform, afibrding no trace whatever of subter- 
ranean movements.f 

The ground from which these materials have 
been removed is usually overspread with heaps of 
sand and gravel, formed out of the ruins of the 
very rocks which have disappeared. Thus, in the 
districts above referred to, they consist of rounded 
and angular fragments of hard sandstone, lime- 

* See Mammaf 8 Geological Facts, &c. p. 90. and plate. 
t Conybeare's Report to Brit Assoc. 1^ p. 381. 
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Stone, and ironstone, with a small quantity of the 
more destructible shale, and even rounded pieces 
of coal. 

Allusion has been already made to the shattered 
state and discordant position of the carboniferous 
strata in Coalbrook Dale (p. 130.). The collier 
cannot proceed three or four yards without meet- 
ing with small slips, and from time to time he en- 
counters faults of considerable magnitude, which 
have thrown the» rocks up or down several hundred 
feet. Yet the superficial inequalities to which 
these dislocated masses originally gave rise are 
no longer discernible, and the comparative flatness 
of the existing surface can only be explained, as 
Mr. Prestwich has observed, by supposing the 
fractured portions to have been removed by water. 
It is also clear that strata of red sandstone, more 
than 1000 feet thick, which once covered the coal, 
in the same region, have been carried away from 
large areas. That Water has, in this case, been 
the denuding agent, we may infer from the fact, 
that the rocks have yielded according to their dif- 
ferent degrees of hardness ; the hard trap of the 
Wrekin, for example, and other hills, having resist- 
ed more than the softer shale and sandstone, so as 
now to stand out in bold relief.^ 

Origin ofvalky$. — It is very generally admit- 

* Prestwich, Geol. Trans, second series, vol. v. pp. 453. 

47a 
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ted, that the greater number of TaUeys are cbi^ 
or entirely due to the excavating power of water, 
but many different theories have been entertained 
respecting the manner in which the force of mov- 
mg water has been brought to bear upon the land. 
Some geologists, being at a loss to conceive any 
combination of known causes capable of giving 
rise to effects of such magnitude, have imagined 
a deluge, or succession of deluges, caused by the 
sudden upheaval of mountain chains, to have 
rolled with resistless violence over the land, after 
it had acquired its present elevation above the 
sea. But many gratuitous assumptions are involv- 
ed in this hypothesis ; and even if we were dis- 
posed to grant the instantaneous upthrow from the 
ocean of lofty chains, and a series of enormous 
waves, as a consequence of each convulsion, we 
can by no means account for the observed phe- 
nomena. On the other hand, it has now been 
ascertained, that the rising and sinking of exten- 
sive portions of the earth's crust, whether insen- 
sibly or by a repetition of sudden shocks, is part 
of the actual course of nature, and we may easily 
comprehend how the land may have been exposed 
during these movements to abrasion by the waves 
of the sea. In the same manner as a mountain 
mass may (in the course of ages) be formed by 
sedimentary deposition, layer after layer, so mass- 
es equally voluminous may in time waste away by 
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ioches, as for example, if beds of incoherent ma- 
terials are raised slowly in an open sea where a 
strong current prevails. It is well known that 
some of these oceanic currents have a breadth of 
200 miles, and that they sometimes run for a 
thousand miles or more in one direction, retaining 
a considerable velocity even at the depth of several 
hundred feet. Under these circumstances, the 
flowing waters may have power to clear away each 
stratum of incoherent materials as it rises and 
approaches the surface, where the waves exert the 
greatest force; and in this manner a voluminous 
deposit may be entirely swept away, so that, in the 
absence of faults, no evidence may remain of the 
denuding operation. It is clear, therefore, that 
the signs of waste will usually be least obvious 
where the destruction has been most complete, 
the annihilation having proceeded so far, that no 
ruins are left of the dilapidated rocks : neverthe- 
less, we may always appeal to one striking proof 
of the vast extent of denudation in times past, 
namely, the existence before alluded to in all 
parts of the earth's crust of strata of mechanical 
origin, many thousand feet thick (see page 137.). 
In regard to valleys, it may be observed, that 
denudation, which has often had a levelling 
influence on countries of shattered and disturbed 
strata, (see Fig. 85. p. 132. and Fig. 89. p. 141.) is 
the chief cause of superficial inequalities in regions 

VOL. I. 13 
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of borizooul stritificatioo. Tbe general 
of these regions is that of flat and level phtformsi 
ioterrupted by valleys often of considerable depth, 
and ramifybg in various directions, lliese dry 
hollows may once have formed bays and cbanneb 
between islands, and tbe steepest slope oo the sides 
of each valley may bave been a sea-difl^ which iras 
undermined for ages, as the land emerged gradu- 
ally from the deep. We may suppose the po»tioD 
and course of each valley to bave been originaUy 
determined by differences in tbe hardness of the 
rocks, and by rents and joints which usuaUy occur 
even in horizontal strata. In mountain chains, 
such as the Jura before described, (see Fig. 70. 
p. 1 18.) we perceive at once that the principal val- 
leys have not been due to aqueous excavation, but 
to those mechanical movements which have bent 
the rocks into their present form. Yet even in the 
Jura there are many valleys, such as C, (Fig. 70.) 
which bave been hollowed out by water ; and it 
may be slated, that in every part of the globe the 
unevenness of tbe surface of the land has been 
due to the combined influence of subterranean 
movements and denudation. 

I may now recapitulate a few of the conclusions 
to which we have arrived : first, all the mechanical 
strata have been accumulated gradually, and the 
concomitant denudation has been no less gradual : 
secondly, the dry land consists in great part of 
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Strata formed originally at the bottom of the sea, 
and has been made to emerge and attain its pres- 
ent height by a force acting from beneath : 
thirdly, no combination of causes has yet been 
conceived so capable of producing extensive and 
gradual denudation, as the action of the waves and 
currents of the ocean upon land slowly rising out 
of the deep. 

Now, if we embrace these conclusions, we shall 
naturally be led to look eveiywhere for marks ol 
the former residence of the sea upon the land, 
especially near the coasts from which the last re- 
treat of the waters took place, and it will be found 
that such signs are not wanting. Thus, in the 
Morea, no less than three, or even four, ranges of 
what were once sea-cliffs are well preserved. 
These have been described, by MM. Boblaye 
and Virlet, as rising one above the other at dif- 
ferent distances from the actual shore, the summit 
of the highest and oldest occasionally exceedmg 
1000 feet in elevation. At the base of each there 
is usually a terrace, which is in some places a few 
yards, in others above 300 yards wide, so that we 
are conducted from the high land of the interior 
to the sea by a succession of great steps. These 
inland cliffs are most perfect, and most exactly 
resemble those now washed by the waves of the 
Mediterranean, where they are formed of cal- 
careous rock, especially if the rock be a hard 
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crjftalline mirble« The foUowing are the poiiits 
of eorrespoodence obsenred between the aneieDt 
cotst Ibes and the borders of the present sea : — 
1 . A range of vertical precipices, with a terrace 
at their base. 2. A weathered state of the sar* 
face of the naked rock, such as the spray of the 
sea produces. 3. A line of littoral caverns at the 
foot of the clifis. 4. A consolidated beach or 
breccia with occasional marine sheUs, found at the 
base of the clifl&, or in the caves. 5. Lithodo- 
mous perforations. 

In regard to the first of these, it woul<| be 
superfluous to dwell on the evidence afforded of 
the undermining power of waves and currents 
by perpendicular precipices. The littoral caves, 
also, will be familiar to those who have had op« 
portunities of observing the manner in which the 
waves of the sea, when they beat against rocks, 
have power to scoop out caverns. As to the 
breccia, it is composed of pieces of limestone and 
rolled fragments of thick solid shells, such as 
Strombus and SpondyltiSy all bound together by a 
crystalline calcareous cement. Similar aggrega- 
tions are now forming on the modem beaches of 
Greece, and in caverns on the sea-side ; and they 
are only distinguishable in character from those 
of more ancient date, by including many pieces 
of pottery. In regard to the Uthodomi above al- 
luded to, these bivalve moUusks are well known to 



(A. VI.] TBRBACE8 IN THB MORBA. 149 

have the power of excavating holes in the hardest 
limestones, the size of the cavity keeping pace with 
the growth of the shell. When living they require 
to be always covered by salt water, but similar 
pear-shaped hoUowSi containing the dead shelb 
of these creatures, are found at different heights 
on the face of the inlands cliffs above mentioned. 
Thus, for examp]e, they have been observed near 
Modon and Navarino on cliffs in the interior 
125 feet high above the Mediterranean. As to 
the weathered surface of the calcareous rocks, all 
limestones are known to suffer chemical decern- 
position when moistened by the spray of the salt 
water, and are corroded still more deeply at points 
lower down where they are just reached by the 
breakers. By this action the stone acquires a 
wrinkled and furrowed outline, and very near 
the sea it becomes rough and branching, as if 
covered with corals. Such effects are traced 
not only ou the present shore but at the base 
of the ancient cliffs far in the interior. Lastly, 
it remains only to speak of the terraces, which 
extend with a gentle slope from the base of 
almost all the inland cliffs, and are for the most 
part narrow where the rock is hard, but some<r 
times half a mile or more in breadth where it 
is soft* They are the effects of the encroach- 
ment of the ancient sea upon the shore at those 
levels at which the land remained for a long time 

13* 
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flUtioaary. The justness of this view is apparent 
oo examining the shape of the modern shore 
wherever the sea is advancing upon the land, and 
removing annually small portions of undermined 
rock. By this agency a submarine platform is 
produced on which we may walk for some 
distance from the beach in shallow water, the 
increase of depth being very gradual, until we 
reach a point where the bottom plunges down 
suddenly. This platform is widened Tith more 
or less rapidity according to the hard».ess of the 
rocks, and when upraised it constitutes an inland 
terrace. 

But the four principal lines of cliffs observed 
in the Morea do not imply, as some have ima- 
gined, four great eras of sudden upheaval ; they 
simply indicate the interroittance of the upheaving 
force. Had the rise of the land been continuous 
and uninterrupted, there would have been no one 
prominent line of cliff*; for every portion of the 
surface having been, in its turn, and for an equal 
period of time, a sea-shore, would have presented 
a nearly similar aspect. But if pauses occur in 
the process of upheaval, the waves and currents 
have time to sap, throw down, and clear away 
considerable masses of rock, and to shape out at 
certain levels lofty ranges of cliffs with broad ter- 
races at their base. 

There are some levelled spaces, however, both 
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ancient and modern, in the Morea, which are not 
due to denudation, although resembling in outline 
fbe terraces above described. They may be called 
Terraces of Reposition, since they have resulted 
from the gain of land upon the sea where rivers 
and torrents have produced deltas. If the sedi- 
mentary matter has filled up a bay or gulf sur- 
rounded by steep mountains, a flat plain is formed 
skirting the^^inland precipices ; and if these de- 
dosits ar^ i)praised, they form a feature in the 
landscape^^ery similar to the areas of denudaton 
before described. 

In the island of Sicily are many inland clifli 
like those of the Morea ; as for example, near 
Palermo, where a precipice is seen consisting of 
limestone at the base of which are numerous caves. 



Fig. 9a 
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a, Monte Grifone. b. Cave of San Giro.* 

c. Plain of Palermo, in which are Newer Pliocene strata of lime- 
atone and sand. d. Bay of Palermo. 

* Section given by Dr. Christie, Edin. New Phil. Joum. 
No. xxiii., called by mistake the Cave of Mardolce, by the 
late M. Hoffmann. See account by Mr. S. P. Pratt, F. G. S. 
Proceedings of Geo!. Soc. No. 32. 183a 
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One of these called San Giro, about 9 miles distant 
from Palermo, is about 20 feet high, 10 wide, 
and 180 above the sea. Within it is found an 
ancient beach (6. Fig. 90.), formed of pebbles of 
various rocks, many of which must have come 
from places far remote. Broken pieces of coral 
and shell, especially of oysters and pectens, are 
seen intermingled with the pebbles. Immediately 
above the level of this beach, serpula are stiU 
found adhering to the face of the rock, and the 
limestone is perforated by Kthodami. Within the 
grotto, also, at the same level, similar perforations 
occur ; and so numerous are the holes, that the 
rock is compared by Hoffmann to a target pierced 
by musket balls. But in order to expose to view 
these marks of boring-shells in the interior of the 
cave, it was necessary first to remove a mass of 
breccia, which consisted of numerous fragments 
of rock, and an immense quantity of bones of the 
mammoth, hippopotamus, and other quadrupeds, 
imbedded in a dark brown calcareous marl. Many 
of the bones were rolled as if partially subjected 
to the action of the waves. Below this breccia, 
which is about twenty feet thick, was found a bed 
of sand filled with sea-shells of recent species; 
and underneath the sand, again, is the secondary 
limestone of Monte Grifone. The state of the 
surface of the limestone in the cave above the 
level of the marine sand is very different from that 
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below it. Aobvej the rock is jagged aod uneven, 
as is usual in the roofs and sides of limestone cav- 
erns ; beloWf the surface is smooth and polished, 
as if by the attrition of the waves. 

The platform indicated at c, Fig. 90., is formed 
by a tertiary deposit containing marine shells al- 
most of all living species, and it affords an illustra- 
tion of the terrace of deposition, or the last of the 
two kinds before mentioned (p. 151.). 

There are also numerous instances in Sicily of 
terraces of denudation. One of these occurs on 
the east coast to the north of Syracuse, and the 
same is resumed to the south beyond the town of 
Noto, where it forms a continuous and lofty preci- 
pice a, &, facing towards the sea, and constituting 
the abrupt termination of a calcareous formation, 
which extends in horizontal strata far inland. This 
precipice varies in height from 500 to 700 feet. 

Fig. 91. 



and between its base and the sea is an inferior 
platform c, ft, consisting of similar white limestone. 
All the beds dip towards the sea, but are usually 
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inclined at a rerj slight angle : they are seen to 
extend uninterruptedly from the base of the es- 
carpment into the platform, showing distinctly 
that the lofty cliff* was not produced by a fSeiuIt 
or rertical shift of the beds, but by the removal 
of a considerable mass of rock. Hence we may 
conclude that the sea, which is now undermining 
the cliffs of the Sicilian coast, reached at some 
former period the base of the precipice a, bj 
at which time the surface of the terrace c, b^ 
must have been covered by the MediterruMMI^! 
There was a pause, therefore, in the a 
movement, when the waves of the sea had &nm 
carve out the platform c, i ; but there may 
been many other stationary periods of minor 
ration. Suppose, for example, that a series dP 
escarpments e, /, gj h, once existed, and that tbe 
sea, during a long interval free from subterranean 
movements, advances along the line c, i, all pre- 
ceding cliffs must have been swept away one after 
the other, and reduced to the single precipice 
ff, b. 

That such a series of smaller cliffs, as those 
represented at e, f^ g^ A, Fig. 91., did really once 
exist at intermediate heights in place of the single 
precipice a, &, is rendered highly probable by tbe 
fact, that in certain bays and inland valleys open- 
ing towards the east coast of Sicily, and not far 
from the section given in Fig. 91., the solid lime- 
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stone 13 shaped out into a great succession of ledges, 
separated froti) each other by small rerucal cliffi. 
These are sometimes so numerous, one above the 
other, that where there is a bend at the head or a 
valley, the; produce an effect singularly resembling 
the seats of a Roman amphitheatre. A good ex- 
FSg.SS. 
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ample of this configuration occurs near the town 
of Melitli, as seen in the annexed view (Fig. 92.). 
In the south of the island, near Spaccafomo, Sclr 
cli, and Modica, precipitous rocks of white lime> 
stoae, ascending to the height of 500 feet, have 
been carved out into similar forms. 

This appearance of a range of marble seats 
circling round the head of a valley, or of great 
flights of steps descending from the top to th» 
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bottom, on the opposite sides of a gorge, maj be 
accounted for, as already hinted, by supposing the 
sea to have stood successively at many diflbrent 
levels, as at a, a, c, c, bj i, in the accompanying 
fig. 93. But the causes of the gradual contrac- 

Fig. 93. 
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lion of the valley from above downwards may 
still be matter of speculation. Such contraction 
may be due to the greater force exerted by the 
waves when the land at its first emergence was 
smaller in quantity, and more exposed to denu- 
dation in an open sea ; whereas the wear and tear 
of the rocks might diminish in proportion as this 
action became confined within bays or channels 
closed in on two or three sides. Or, secondly, 
the separate movements of elevation may have 
followed each other more rapidly as the land con- 
tinued to rise, so that the times of those pauses, 
during which the greatest denudation was accom- 
plished at certain levels, were always growing 
shorter. It should be remarked, that the clififs 
and small terraces are rarely found on the opposite 
sides of the Sicilian valleys at heights so precisely 
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answering to each other as those given in Fig. 
93., and this might have been expected, to which- 
ever of the two h}rpotheses above explained we m- 
cline ; for, according to the direction of the pre- 
vaih'ng winds and currents, the waves may beat 
with unequal force on different parts of the shore> 
so that while no impression is made on one side of 
a bay, the sea may encroach so far on the other 
as to unite several smaller cliffs into one. 

Before quitting the subject of ancient sea-cliffs, 
carved out of limestone, I shall mention the range 
of precipitous rocks, composed of a white marble 
of the Oolitic period, which may be seen near the 
northern gate of St. Mihiel in France. They are 
situated on the right bank of the Meuse, at a 
distance of 200 miles from the nearest sea, and 
they present on the precipice facing the river 
three or four horizontal grooves, one above the 
other, precisely resembling those which are scoop-^ 
ed out by the undermining waves. The summits- 
of several of these masses are detached from the 
adjoining hill, in which case the grooves pass all 
round them, facing towards all points of the com- 
pass, as if they had once formed rocky islets near 
the shore.* 

Captain Bayfield, in his survey of the Gulf of 

* I was directed by M. Deshayes to this spot, which I 
visited in June, 1833. 

VOL. I. 14 
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St. L^Trraaca, discovered in several pUoMi erpe- 
cially in ^e Miogaii Ulaodi, a couoiaqiut ot thg 
inlaad diS of St. Mibieli and tnoed a siicoe»- 
Noo of ahiogle beaches, ooe abora tbe other, wbiob 
agreed io their level with some of the priooiptl 
grooTes scooped out of the limestoiia pillars. 
These beaches consisted of oalcareoua Bhingle, 
with shells of receat species, the furthest from the 
shore being sixty feet above the level of the high- 
est Udes. In additioQ to the drawiaga of the jullars 
c^led the flower-pots, which be has published,* 1 




have been lavored with other views of roclcs oo the 
same coast, drawn by Lieut. A. Bowee, R. N. 
(See Fig. 94.) 

" See TraiK oT Geol. Soc., aecDod series, toL t. phM v. 
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In tb« NdftboAmericBii beaches abort men- 
tioned rbunded ' fngmetits or UmestoDe have been 
fbund ^tfotnedhj lithddimii and holes drill«d 
b^ the sttoe oibUiiska ban beeD detected in dM 
colQMOtir roeka tt " flower-pots," sbowbg that 
there ha« been no gre&t amouDt of attnosphefle 
decbmposiikdi on the sarface, or the cavities alhid* 
ed to ffonld have disappeared. 

We have Bit opportunirf of seeing in the Ber- 
muda islatldB the manner in which the waves of 
the Atlantic have worn, and are now wearing out, 
deep sttOOtb boUoWs on every nde of project- 
ing misMt of hard limestone. In the annexed 
Fig.95. 
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dnnringi oomm«aicated to me by Ijeut. Nelson, 
the excivadcmfl e, c, e, have beeti scooped oilt 
by the waves in a stooe of very modern date, 
Which, although extremely hard, is full of recent 
corals and shells, some of which retain their 
cblori 
When the fdrma bf these horizontal grotives, of 
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which the surface is sometimes smooth and almost 
polished,' and the roofs of which often overhaog 
to the extent. of five feet or more, va we been care- 
fully studied by geologists, they !^,f.'. serve to testi- 
fy the former action of the waves at innumera- 
ble points far in the interior of the continents. 
But we must learn to distinguish tiie indentations 
due to the original action of the $€<\, and those 
caused by subsequent chemical decomposition of 
calcareous rocks, to which they are liable in the 
atmosphere. 

It may be asked why, if the doctrines above 
expounded are true, there are not inland cliffii and 
sea-beaches everywhere ? whereas, even in Sicily 
and the Morea they are partial, and are entire- 
ly wanting in many large districts composed of 
argillaceous and sandy formations, as in the basin 
of the Thames, for example. This absence is the 
more striking in the Morea and Sicily, when we 
reflect on the comparatively recent period at 
which large parts of those countries have emerged 
from the deep. The modern date of that event 
is shown either by shells of recent species found 
in raised beaches, or imbedded in calcareous and 
argillaceous formations. Yet, notwithstanding the 
comparative shortness of the time since these 
strata emerged from the deep, and the fresh as- 
pect of some of the inland clifis above described, 
it is difficult, in general, when we pass beyond the 



Itmits it>f the tioHd limedtdne, to detetit bDy irigiis 
<yr th($ bes^g ^ the wares on adcieiit shores. 
That the soft *^^iflrly and sandy strata were up- 
heaved at the ^ihie time, and by the same inter- 
mittent movements as the adjoining calcareous 
rocks, cannot be doubted. To understand in such 
cases the rarify of the traces of ancient shores, we 
must observc^^'tiow soon all recent marks of the 
same kind ar^ obscured or entirely effaced on any 
point of our own coast, where, in consequence of 
the altered state of the tides and currents, the sea 
has receded for a few centuries. We see the cliffs 
crumble down in a few years, and if they have 
consisted of sand or clay, they are soon reduced 
to a gentle slope. If there were shells on the 
beach they decompose, and their materials are 
soon washed away, after which the sand and 
shingle may resemble any other alluviums scat- 
tered over the interior. 

"The features of an ancient shore may be con- 
cealed by the growth of trees and shrubs, or by a 
covering of blown sand, a good example of which 
occurs a few miles west from Dax, near Bourdeaux, 
in the South of France. About twelve miles in- 
land, a steep bank may be traced running in a 
direction nearly northeast and ^uthwest, or par- 
allel to the contiguous coast. This sudden fall 
of about fiAy feet conducts us frooi the higher 
platform of the Landes to a lower plain which 
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extends to the sea. The outline of the ground 
might suggest to every geologist the opinicm 

Fig. 96. 
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that the bank in question was once a sea-cliff, 
when the whole country stood at a lower level. 
But this can no longer be regarded as matter 
of conjecture. In making excavations in 1830, 
for the foundation of a building at Abesse^ a 
quantity of loose sand, which formed the slope 
d f , was removed ; and a perpendicular cli^ about 
fifty feet in height, which had hitherto been pro- 
tected from the agency of the elements, was ex- 
posed. At the bottom appeared the limestone i, 
containing tertiary shells and corals, immediately 
below it the clay (c), and above it the usual ter- 
tiary sand (a), of the department of the Landes. At 
the base of the precipice are seen large partially 
rounded masses of rock, evidently detached from 
the stratum &. The face of the limestone is hol- 
lowed out and weathered into such forms as are 
seen in the calcareous cliffs of the adjoining coast, 
especially at Biaritz, near Bayonne. It is evident 
that, when the country was at a somewhat lower 
level, the sea advanced along the surface of the 
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argillaceous stratum c, whicb| from its yielding 
nature, favored the waste by allowing the more 
solid superincumbent stone b to be readily under- 
mined. Afterwards, wben the country had been 
elevated, part of the sand, a, fell down, or was 
drifted by the winds, so as to form the talus, d e, 
which masked the inland cliff until it was artificial- 
ly laid open to view. 

When we are considering the various causes 
which, in the course of ages, may efface the char- 
acters of an ancient sea-coast, earthquakes must 
not be forgotten. During violent shocks, steep and 
overhanging cliffs are often thrown down and be- 
come a heap of ruins. Sometimes unequal move- 
ments of upheaval or depression entirely destroy 
the horizontality of that base-line which constitutes 
the chief peculiarity of an ancient sea-cliff. 
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Alluvium deacribed •— Due fo complicated cauaes — Of va* 
nous ages, aa ahown in Auveigne — How diadnguiahed 
from rockatnnto — River-terracea — Parallel nmdaof 
Olen Roy -— Yarioua Aeoriea respecting their oHgin. 

Between the superficial coyeriiig of TegetttUe 
mould add the subjacent rock, there usuallj^ in- 
tervenes in every district a deposit 6f Idbse gravel, 
sand, and mud, to i^hich the name of ailuviun 
has been applied. The term is derived from at* 
luvioy an inundation, or alluOy to wash, because 
the pebbles and sand commonly resemble those of 
a river's bed or the mud and gravel spread over 
low lands by a flood. 

A partial covering of such alluvium is found 
alike in all climates, from the equatorial to the 
polar regions; but in the higher latitudes of 
Europe and North America it assumes a distinct 
character, being very frequently devoid of strat- 
ification, and containing huge fragments of rock, 
some angular and others rounded, which have 
been transported to great distances from their 
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parent mountains. When it presents itself in this 
form, it has been called " diluvium," " drift," or 
the ^^ boulder formation " ; and its probable con- 
nexion with the agency. of floating ice and glaciers 
will be treated of more particularly in the tenth 
and eleventh chapters. 

After what was said of denudation, the student 
will not be surprised to hear that loose gravel and 
sand are often met with at various points both on 
the summits and sides of mountains, and on the 
low grounds bordering rivers. For during the 
gradual emei^ence of land from the sea, or the 
changes which may take place in ^e physical 
geography of a district after it has been laid dry, 
any point may either have been a sunken reef, or 
the bottom of a bay or estuary, or a sisa-shore, or 
the bed of a river. For this reason it would be 
unreasonable to hope that we should ever be able 
to account for all the alluvial phenomena of each 
particular country, seeing that the causes of thdr 
origin are so complicated. Moreover, the last 
operations of water have a tendency to disturb 
and confound together all preexisting alluviums. 
Hence we are always in danger of regarding as 
the work of a single era, and the effect of one 
cause, what has in reality been the result of a 
variety of distinct agents, during a long succession 
of geological epochs. Much useful instruction 
may therefore be gained from the examination of 
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a ooantrf fike Amreiipiey vrhera the BoperteM 
gm^el of very diflbrant eras hMfipmm to have teca 
preaervad by sbeeta of lava^ a^iiah irara poorad 
out oaa aftar the other at perioda whan the daacH' 
datiody and probdbly the opheaval, of rocks were 
in progress. That region had already acqturad 
k aanie degree its present eonfiguratioti before 
any urieanos were in activity, and before toy \f^ 
neout matter was superimposed upon tilt ^ttitie 
awl fossiliferoos formations. The pebbles therON 
fore in the older gravels are exclosivel^ coo^ 
sdtuted of granite and other abori^nal rocks; 
tnd afterwards, when volcanic vents burst forth 
into eruption, those earlier alhiviunis were cov* 
ered by streans of lava, which protected them 
from intermixture with gravel of sobdequedt data* 
In the course of ages, a new system Of valleyi 
was excavated, so that the rivers rail at lower 
levels than those at which the firttt alluviums and 
Aeets of lava were formed. When therefcn!« frerii 
eruptions gave rise to new lavfei, the melted matter 
Was poured out over lower grounds; and the 
gravel of these plams differed from the first or ilp»< 
land alluvium, by containing in it rounded fragraeooi 
of various volcanic h»ks. 

The antiexed drawing will explafai the diffBnm 
heights at which beds of lava and gi^Vd, eaefa 
distinct from the other in compd&ation and age^ are 
observed, some on the fiat tops of hilb, 700 or 



or Dirmvrr aseb. 



800 |«^ high, otbert on the slope of tb« tama 
hills, and the newest of all u the channel of tba 




tf J^Ktrpit rtMug a* Mni m n if ^jfmu mgt. 



ozisiiDg rlrer where there is usually gravel alone, 
but ia some cases a narrow thread of solid iava 
oacupying together with the river the hottoni of 
the vall^. The streams in this country are still 
uDdeiroiDiag their banks and grinding down into 
pebbles or sand columos of basalt and fragments 
of granite and gneiss ; but the older alluviums, io 
which the bones of extinct quadrupeds have been 
detected, are prevented from being miogled with 
the gravel of recent date by the cappings of lava 
before mentioned. But for the accidental inter- 
fereoce, therefore, of this peculiar cause, all the al- 
luviums might bave passed so insensibly the one 
into the other, that those fornred at the remotest 
era might have appeared of the same date as the 
newest, end the whole formation might have been 
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regarded by some geoli^ists as the result of ooe. 
sudden aod Tioleut catastrophe. 

Id aknost every country, the aUuvium c(Misists 
in its upper part of transported materials, but it 
often passes downwards into a mass of broken and 
angular fragments derived from the subjacent rock. 
To this mass the provincial name of ^^ rubble," or 
** brash," is given in many parts of England. It 
may be referred to the weathering or disintegra- 
tion of stone on the spot, the effects of air and 
water, sun and frost, and chemical decomposition. 
Sometimes the vibrations and undulations of earth- 
quakes may have had power, at some former era, 
to shatter a surface previously rent and weath- 
ered. Thus in Calabria, subterranean movements 
have been known to throw up into the air the slabs 
of a stone pavement* ; and Mr. Darwin men- 
tions, that ^ the Island of Quinquina, in Chili, 
some narrow ridges of hard primary slate, which 
is there the fundamental rock, were as completely 
shivered by the vibrations of the great earthquake 
of February, 1836, as if they had been blasted 
by gunpowder. The effect was merely superficial, 
and had caused fresh fractures and displacement 
of the soil, the slate below remaining solid and 
uninjured, f 

• See Princ. of Geol., Index, "Calabria." 
t Darwin's Journal of Travels in S. America, &c 1832 
to 1836, in Voyage of H. M. S. Beagle, p. 370, 
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The inferior auFface of alluvial deposits is often 
very irregular^ conforming to all the inequalities of 
the fundamental rocks (Fig. 98.}. Occasionally^ 
a amall masS) as at c, appears detached, and as if 
^^s* 9S. included in the subjar 

cent formation. Such 
isolated portions are usu- 
ally sections of winding 
subterranean hollows 
filled up with alluvium. 
They may have been 

a!TegeUble«>iI. 6. alluylam. ^^ COUrSCS of SpriugS 

c. m«.of.«ne. apparently detached. Q^ Subterranean Stream- 
lets, which have flowed through and enlarged 
natural rents ; or, when on a small scale and in 
soft strata, they may be spaces which the roots of 
large trees have once occupied, gravel and sand 
having been introduced after their decay. 

It is not so easy as may at first appear to draw 
a clear line of distinction between the Jixed rocks, 
or regular strata (rocks in situ or in place) j and 
alluvium. If the bed of a torrent or river be 
dried up, we call the gravel, sand, and mud, left 
in their channels, or whatever, during floods, they 
may have scattered over the neighbouring plains, 
aUuvium. The very sam& materials carried into a 
lake, where they become sorted by water and ar^ 
ranged m more distinct layers, are termed regular 
strata. 

VOL. I. 16 
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In the same manaer we may often contrast the 
gravel, sand, and broken shells, strewed along the 
path of a rapid marine current, with a deposit form- 
ed contemporaneously by the discharge of similar 
materials, year after year, into a deeper and more 
tranquil part of the sea. In such cases, when we 
detect marine shells or other organic remains en- 
tombed in the strata, which enable us to determine 
their age and mode of origin, we regard them as 
part of the regular series of fossiliferous formations, 
whereas if there are no fossils, we have frequently 
no power of separating them from the general mass 
of superficial alluvium. 

The usual rarity of organic remains in beds of 
loose gravel and sand is partly owing to the rapid 
and turbid water in which they were formed hav- 
ing been in a condition unfavorable to the habita- 
tion of aquatic beings, and partly to their porous 
nature, which, by allowing the free percolation of 
rain water, has promoted the decomposition and 
removal of organic matter. 

It has long been a matter of common observa- 
tion that rivers in general are now cutting their 
channels through alluvial deposits of greater depth 
and extent than could ever have been formed by 
the present streams. Now this may be explained, 
if we suppose a wide submarine area to have been 
raised by a gradual and uniform motion and made 
to emerge. In this case, friths, bays, estuaries. 



Ch. YII.] SiVBR TERRACES. 171 . 

and the straits between islands, will dry up 
slowly, and, during their conversion into valleys, 
every part may in its turn be a sea-shore, and 
may be strewed over with littoral sand and peb- 
bles, or be the point where a delta accumulated 
during the retreat and exclusion of the sea. The 
materials so accumulated would conform to the 
general slope of the valley from its head to the- 
sea-coast. 

If, on the other hand, a country has not been, 
upraised equally, but has been subject to many 
local convulsions accompanied by upheaval and 
depression, its drainage will be repeatedly de- 
ranged, and rivers will be made to forsake their 
ancient channels from time to time. During 
these wanderings, a large space may become^ 
covered with fluviatile detritus, through which we 
may find all the modern streams cutting their 
channels. 

River terraces. — We often observe, at a short 
distance from the present bed of a river, a steep- 
cliff a few feet or yards high, and on a level ^th. 
the top of it a flat terrace, corresponding in ap-^ 
pearance to the alluvial plain which immediately 
borders the river. This terrace is again bounded 
by another cliff, above which a second terrace 
sometimes occurs ; and in this manner two or three- 
ranges of cliffs and terraces are occasionally seen 
on one or both sides of the stream, the number 



varying) but those on the oppouts ndfls often oor- 
mpoDdiog in height. 




These terraces are seldotn continuous for great 
distances, and their surface is not horizontal, 
but slopes downnards, with an inclination simi- 
lar to that of the river or valley. They ire 
readily explained if we adopt the hypothesis be- 
fore suggested, of a gradual rise of the land ; 
for, while this is going on new, deposits, before 
submerged, are exposed to denudation, and in 
tiiese the rivers shape out their beds. If the 
sea be deep where the valley lermiuates, every 
addition made to the height of the land by 
upheaval will rapidly augmenl the fall of the 
water, and at the same time its cutting power ; 
and if, as is most probable, the upheaving move- 
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ment be intertniUent, long pauses will occur, dur- 
ing which the stream will have time to encroach 
upon one of its banks, so as to clear away and 
flatten a large space. This operation being after- 
wards repeated at lower levels, there will be sev- 
eral successive cliffs and terraces. 

Pkirallel ronds^. — The parallel roads, or shelves 
as they have been called, of Glen Roy and 
other vaUeys in Scotland, are distinct both in 
cbttracter and origin from , ^he terraces above 
described; for they have no slope towards the 
sea like the channel of a river, nor are they the 
eflfect of denudation. Glen Roy is situated in the 
western Highlands, about ten nailes north of Fort 
William, near the western end of the great glen 
of Seotland^ or Caledonian Canal, and near the 
foot of the highest of the Grampians, Ben Nevis. 
Throughout its whole length, a distance of more 
than ten miles, two, and in its lower part three, 
parallel roads or shelves are traced along the 
steep sides of the mountains, as represented in 
Fig. 99.,^ each maintaining a perfect horizontality, 
and continuing at exactly the same level on the 
opposite sides of the glen. Seen at a distance, 
they appear like ledges or roads, cut artificially 
out of the sides of the hills; but when we are 
upon them we can scarcely recognise their ex- 
istence, so uneven is their surface, and so covered 
with boulders. They are from ten to sixty feet 

16* 
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broad, and merely differ from the side of the 
mountain by being somewhat less steep. 

On closer inspection, we find that these ter- 
races are stratified in the ordinary manner of 
alluvial or littoral deposits, as may be seen at 
those points where ravines have been excavated 
by torrents. The parallel shelves, therefore, have 
not been caused by denudation, but by the depo- 
sition of detritus, precisely similar to that which 
is dispersed in smaller quantities over the decliv- 
ities of the hills above. These bills consist of 
clay-slate, mica-schist, and granite, which rocks 
have been worn away and laid bare at a few 
points only, in a line just above the parallel roads. 
The highest of these roads is about 1250 feet 
above the level of the sea, the next about 200 
feet lower than the uppermost, and the third still 
lower by about 50 feet. It is only this last, or 
the lowest of the three, which is continued 
throughout Glen Spean, a large valley with 
which Glen Roy unites. As the shelves are al- 
ways at the same height above the sea, they 
become continually more elevated above the river 
tn proportion as we descend each valley ; and they 
at length terminate very abruptly, without any 
obvious cause, either in the shape of the ground, 
or any change in the composition or hardness of 
the rocks. I should exceed the limits of this work, 
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were I to attempt to give a full description of all 
the geographical circumstances attending these 
remarkable terraces, or to discuss the ingenious 
theories which have been severally proposed to 
account for them by Dr. MacCulloch, Sir T. D. 
Lauder, Mr. Darwin, and Mr. Agassiz. There is 
one point, however, on which all are agreed, name- 
ly, that these shelves are ancient beaches, or litto- 
ral formations accumulated round the edges of one 
or more sheets of water which once stood at the 
level, first of the highest shelf, and successively at 
the height of the two others. It is well known, 
that wherever a lake or fiord exists, surrounded 
by steep mountains subject to disintegration by 
frost or the action of torrents, some loose matter 
is washed down annually, especially during the 
melting of snow, and a check is given to the 
descent of this detritus at the point where it 
reaches the waters of the lake. The waves then 
spread out the materials along the shore, and 
throw some of them upon the beach ; their dis- 
persing power being aided by the ice, which often 
adheres to pebbles during the winter months, and 
gives buoyancy to them. ^ 

Among other proofs that the parallel roads have 
really been formed along the margin of a sheet of 
water, it may be mentioned, that wherever an 
isolated hill rises in the middle of the glen above 
the level of any particular shelf, a corresponding 
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shelf is seen at the same level paasiog round the 
billy as woold have bappcDed if it bad eoce formed 
an island in a lake or fiord. 

Those writers who first advocated the doctrine 
that the roads were the andent beaches of firesh- 
water lakes, were unable to ofifer any probable 
hjpothesb respecting the formauon and subsequent 
removal of barriers of sufficient height and solidity 
to dam up the water. To introduce any violent 
convulsion for their removal was inconsistent with 
the uninterrupted horizontality of the roads,, and 
with the undisturbed aspect of those parts of the 
glens where the shelves come suddenly to an end. 
Mr. Agassiz has lately, however, thrown out a 
conjecture that these valleys were once blocked 
up by enormous glaciers descending from Ben 
Nevis, giving rise to what are called in Switzer- 
land, and in the Tyrol, glacier-lakes. After a time 
the icy barrier was broken down, or melted, first, 
to the level of the second, and afterwards to that 
of the third road or shelf. 

In corroboration of this view, he contends that 
the alluvium of Glen Roy, as well as of other 
parts of Scotland, agrees in character with the 
moraines of glaciers seen in the Alpine valleys of 
Switzerland. Allusion will be made in the elev- 
enth chapter to the former existence of glaciers 
in the Grampians : in the mean time it will read- 
ily be conceded that this hypothesis is preferable 
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to any previous lacustrine theory, by accounting 
more easily for the temporary existence and entire 
disappearance of lofty transverse barriers, although 
the height required for the imaginary dams of ice 
may be startling. 

Before the idea last alluded to had been enter- 
tained, Mr. 'Darwin examined Glen Roy, and 
came to the opinion that the shelves were formed 
when the glens were still arms of the sea, and, 
consequendy, that there never were any barriers. 
According to him, the land emerged during a slow 
and uniform upward movement, like that now ex- 
perienced throughout a large part of Sweden and 
Finland; but(there were certain, pauses in the up- 
heaving process, at which times the waters of the 
sea remained stationary for so many centuries as 
to allow of the accumulation of an extraordinary 
quantity of detrital matter, and the excavation, 
at points immediately above, of many deep notches 
and bare cliffs in the hard and solid rock. 

The phenomena which are most difficult to 
reconcile with this theory are, first, the abrupt 
cessation of the roads at certain points in the dif- 
ferent glens; secondly, their unequal number in 
different valleys connecting with each other, there 
being three, for example, in Glen Roy and only 
one m Glen Spean ; thirdly, the precise horizon- 
tality of level mamtained by the same, shelf over a 
space many leagues in length, requiring us to 



178 PARALLEL ROAIM [Ck. Vn. 

assume, that during a rise of 1S50 feet do ooe 
portion of the land was raised eyen a few yards 
above another. 

On the other band, it may be remarked, in 
reference to the rival hypothesis of glaciers, that 
it labors in some degree under precisely the same 
kind of difficulty, unless we could assume that the 
land had remained motionless since the era of the 
liquefaction of the ice. But there are many reasons 
for presuming that the glacial epoch (granting for 
the present that there were once glaciers in the 
Grampians) was antecedent to the deposition of 
those modern strata, of marine origin, which are 
found at various heights, from 40 to 400 feet 
above the sea, iu the basins of the Clyde, Forth, 
Tay, Loch Ness, the Moray Firth, the Hebrides, 
and many other parts of Scotland. It seems im- 
probable that Glen Roy should have escaped en- 
tirely the upward movement experienced in so 
many surrounding regions, a movement implied 
by the position of these elevated marine deposits, 
in which the shells are almost all of known recent 
species. But if the motion has really extended 
to Glen Roy and the contiguous glens, it must 
have uplifted them bodily, without in the slightest 
degree affecting their horizontality ; and this being 
admitted, the principal objection to the theory of 
marine beaches, founded on the uniformity of up- 
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heaval, meets us equally when we embrace the 
glacier theory. 

The student will perceive, from the above 
sketch of the controversy respecting the formation 
of these curious shelves, that this problem, like so 
many others in geology, is as yet only solved in 
part ; and that a large number of facts must be 
collected and reasoned upon before the question 
can be 6nally settled. 
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CHAPTER VnL 

ON THX CHEONOLOOT OF ROCKS Uf OKSKKAL. 

Aqueous, plutonic, volcanic, and metamorphic rocks, con- 
sidered chronologically — Lehman's division into pnou- 
tive and secondary — Werner's addition of a transitioa 
class — Neptunian theory — Hutton on igneous origin of 
granite — How the name of primary was still retained 
for granite — The term •* transition," why faulty — The 
adherence to the old chronological nomenclature re- 
tarded the progress of geology — New hypothesis in- 
vented to reconcile the igneous origin of granite to 
the notion of its high antiquity — Explanation of the 
chronological nomenclature adopted in this work, so 
far as regards primary, secondary, and tertiary periods. 

In the first chapter it was stated that the four great 
classes of rocks, the aqueous, the volcanic, the plu- 
tonic, and the metamorphic, would each be con- 
sidered not only in reference to their mineral 
characters, and mode of origin, but also to their 
relative age. In regard to the aqueous rocks, we 
have already seen that they are stratified, that 
some are calcareous, others argillaceous, some 
made up of sand, others of pebbles ; that some 
contain freshwater, others marine fossils, and so 
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fortb ; but tbe student has still to learn whicb 
rocks, exbibhmg some or all of tbese cbaracters, 
have ongiirated at one p^od of tbe eartb's his- 
tory, and which at another. 

To determine this point in reference to tbe 
fossiliferoiirs formations is more easy than in any 
other class, and h is therefore the most con- 
venient and natural method to begm by establish- 
ing a chronology for these fossiliferous strata, and 
then to endeavour to refer to the same divisions 
the several groups of plutonic, volcanic, and met- 
amorphic rocks. This system of classification is 
not only recommended by its greater clearness 
and facility of apphcation, but is also best fitted 
to strike the imagination by bringing into one* 
view the past changes of the inorganic world, and 
the contemporaneous revolutions of the organic 
creation. For the sedimentary formations of suc- 
cessive periods are most readily distinguished by 
tbe difiTerent species of fossil animals and plants 
which they inclose, and of which one race after 
another has flourished and then disappeared from 
the earth. 

But before entering specially on the sub- 
divisions of the aqueous rocks arranged accord-^ 
ing to the order of time, it will be desirable to- 
say a few words on the chronobgy of rocks in^ 
general, although in doing so we shall be led 

VOL. I. 16 
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to allude to some classes of phenomena which the 
beginner must not yet expect fully to comprehend. 

It was for many years a received opinion, that 
the formation of entire families of rocks, such as 
the plutonic and metamorphic, began and ended 
before any members of the aqueous and volcanic 
orders were produced ; and although this idea has 
long been modified, and is nearly exploded, it 
will be necessary to give some account of the 
ancient doctrine, in order that beginners may 
understand whence many prevailing opinions, 
and some part of the nomenclature of geology, 
still partially in use, was derived. 

About the middle of the last century, Lehman, 
a German miner, proposed to divide rocks into 
three classes, the first and oldest to be called pri- 
mitive, comprising the plutonic and metamorphic 
rocks ; the next to be termed secondary, com- 
prehending the aqueous or fossiliferous strata; 
and the remainder, or third class, the supposed 
effect of *' local floods, and the deluge of Noah," 
corresponding to our alluvium, ancient and mod- 
ern. In the primitive class, he said, such as 
granite and gneiss, there are no organic remains, 
nor any signs of materials derived from the ruins 
of preexisting rocks. Their origin, therefore, 
may have been purely chemical, antecedent to the 
creation of living beings, and probably coeval 
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with the birth of the world hsdf. The secondary 
formatioDs, oo the contrary^ which often contain 
sand, pebbles, and organic remains, mast have 
been mechanical deposits, produced after the 
planet had become the habitation of animals and 
plants. This bold generalization, although an- 
ticipated in some measure by Steno, a century 
before, in Italy, formed at the time an important 
step in the progress of geology, and sketched out 
correctly some of the leading di^sions into which 
rocks may be separated. About half a century 
later, Werner, so justly celebrated for his im- 
proved method sof discriminating the mineral(^- 
cal characters of rocks, attempted to improve 
Lehman's classification, and with this view inter- 
calated a class, called by him ** the transition 
formations," between the primitive and secondary. 
Between these last he had discovered, in northern 
Germany, a series of strata^ which in their mineral 
peculiarities were of an intermediate character, 
partaking in some degree of the crystalline nature 
of micaceous and clay-slate, and yet exhibiting 
here and there signs of a mechanical origin and 
organic remains. For this group, therefore, form- 
ing a passage between Lehman's primitive and 
secondary rocks, the name of transition was pro- 
posed. They consisted principally of clay-slate 
and an argillaceous sandstone, called greywack6, 
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•od partly of calcareoiis beds. It happened id 
the district which Werner first investigated, tbsi 
both the primitive and transition strata were 
highly inclined, while the beds of the newer and 
fbssiliferous rocks were horizontal* To these htr 
ter, therefore, he gave the name of flotZj or flat; 
and every deposit more modern than the chalk, 
or uppermost of the flotz series, was designated 
^^ the overflowed land," an expression which may 
be regarded as equivalent to alluvium. As the 
followers of Werner soon discovered that the in- 
clined position of the *' transition beds," and the 
horizontality of the flotz, or newer fossiliferous 
strata, were mere local accidents, they soon abao" 
doned the term flotz ; and the four divisions of the 
Wernerian school were then named primitive, 
transition, secondary, and alluvium. 

As to the trappean rocks, although their igneous 
origin had been already demonstrated by Arduino, 
Fortis, Faujas, and others, and especially by Des- 
marest, they were all regarded by Werner as 
aqueous, and as mere subordinate members of the 
secondary formations.* 

This theory of Werner's was called the " Nep- 
tunian," and for many years enjoyed much popu- 
larity. It assumed that the globe had been at 

* See Principles, vol. L chap. iv. 
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first invested by an universal chaotic ocean, hold- 
ing the materials of all rocks in solution. From 
the waters of this ocean, granite, gneiss, and other 
crystalline formations, were first precipitated ; and 
afterwards, when the waters were purged of these 
ingredients, and more nearly resembled those of 
our actual seas, the transition strata were de- 
posited. These were of a mixed character, not 
purely chemical, because the waves and currents 
had already begun to wear down solid land, and 
to give rise to pebbles, sand, and mud ; nor en- 
tirely without fossils, because a few of the first 
marine- animals had begun to exist. After this 
period, the secondary formations were accumulated 
in waters resembling those of the present ocean, 
except at certain intervals, when, from causes 
wholly unexplained, a partial recurrence of the 
" chaotic fluid " took place, during which various 
trap rocks, some highly crystalline, were formed. 
This arbitrary hypothesis rejected all intervention 
of igneous agency, volcanos being regarded as 
partial and superficial accidents, of trifling account 
among the great causes which have modified the 
external structure of the globe. 

Meanwhile Hutton, a contemporary of Werner, 
began to teach, in Scotland, that granite as well 
as trap was of an igneous origin, and had at various 
periods intruded itself in a fluid state into dif- 
ferent parts of the earth's crust. He recognised 

16* 
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and faithfully described many of the pbenomeoa 
of granite Teins, and the alterations produced by 
them on the invaded strata, which will be treated 
of in a future chapter. He, moreoTer, advanced 
the opinion, that the crystalline strata called 
primitive had not been precipitated from a pri- 
meval ocean, but were sedimentary strata altered 
by heat. In his writings, therefore, and in those 
of his illustrator, Playfair, we find the germ of 
that metamorphio theory which has been ahready 
hinted at in the first chapter, and which will be 
more fully expounded in the sequel.* 

At length, after much controversy, the doctrine 
of the igneous origin of trap and granite made 
their way into general favor; but although it 
was, in consequence, admitted that both granite 
and trap had been produced at many successive 
periods, the term primitive or primary still con-* 
tinned to be applied to the crystalline formations 
in general, whetlier stratified, like gneiss, or lai- 
stratified, like granite. The pupil was told that 
granite was a primary rock, but that some gran- 
ites were newer than certain secondary forma- 
tions ; and in conformity with the spirit of the 
ancient language, to which the teacher was still 
determined to adhere, a desire was naturally en- 
gendered of extenuating the importance of those 

* See chapters on Metamorphic Rock, Vol. II. 
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more modern granites which new observations 
were continually bringing to light. 

A no less decided inclination was shown to 
persist in the nse of the term '* transition," after 
it had been proved to be almost as faulty in its 
original application as that of flotz. The name 
of transition, as already stated, was first given by 
Werner, to designate a mineral character, inter- 
mediate between the metamorphic state and that 
of an ordinary fossiliferous rock. But the term 
acquired also from the first a chronological im- 
port, because it had been appropriated to sedi- 
mentary formations, whicii, in the Hartz and 
other parts of Germany, were more ancient than 
the oldest of the secondary series, and were char- 
acterized by peculiar fossil zoophytes and shells. 
When, therefore, geologists found in other districts 
stratified rocks occupying the same position, and 
inclosing similar fossils, they gave to them also 
the name of iransitioUj according to rules which 
will be explained in the next chapter ; yet, in 
many cases, such rocks were found not to exhibit 
the same mineral texture which Werner had called 
transition. On the contrary, many of them were 
not more crystalline than different members of the 
secondary class ; while, on the other hand, these 
last were sometimes found to assume a semi-crys- 
talline and almost metamorphic aspect, and thus, 
on lithological grounds, to deserve equally the 
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name of traDsitioo. So remtrktblj was this the 
case in the Swiss Alps, that certain rocks, which 
had for years been regarded by some of the most 
skilful disciples of Werner to be transition, were 
at last acknowledged, when their relative position 
and fossils were better understood, to belong to 
the newest of the secondary groups ! If under 
such circumstances the name of transition was 
retained, it is clear that it ought to have been 
applied without reference to the age of strata, and 
simply as expressive of a mineral peculiarity. The 
continued appropriation of the term to formations 
of a given date, induced geologists to go on be- 
lieving that the ancient strata so designated bore 
a less resemblance to the secondary than is really 
the case, and to imagine that these last never pass, 
as they frequently do, into metamorpbic rocks. 

The poet Waller, when lamenting over the 
antiquated style of Chaucer, complains that — 

^ We write in sand, our language grows, 
And, like the tide, our work o'erflows;" 

But the reverse is true in geology ; for here it is 
our work which continually outgrows the language. 
The tide of observation advances with such speed, 
that improvements in theory outrun the changes 
of nomenclature ; and the attempt to inculcate 
new truths by words invented to express a differ- 
ent or opposite opinion, tends constantly, by the 
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force of association, (o perpetuate error ; so that 
dogmas renoaaced by the reason still retain a 
strong hold upon the imagmation. 

In order to reconcile the old chronological views 
with the new doctrine of the igneous origin of 
granite, the following hypothesis was substituted 
for that of the Neptunists. Instead of beginning 
with an aqueous menstruum or chaotic fluid, the 
materials of the present crust of the earth were 
supposed to have been at first in a state of igneous 
fusion, until part of the heat having been diflTused 
into surrounding space, the surface of the fluid 
consolidated, and formed a crust of granite. This 
covering of crystalline stone, which afterwards 
grew thicker and thicker, as it cooled, was so hot, 
at first, that no water could exist upon it ; but as 
the refrigeration proceeded, the aqueous vapor 
in the atmosphere Whs condensed, and, falling in 
rain, gave rise to the first thermal ocean. So high 
was the temperature of this boiling sea, that no 
aquatic beings could inhabit its waters, and its 
deposits were not only devoid of fossils, but, like 
those of some hot springs, were highly crystalline. 
Hence the origin of the primary or crystalline 
strata. 

Afterwards, when the granite crust had been 
partially broken up, land and mountains began 
to rise above the waters, and rains and torrents 
ground down rock, so that sediment was spread 
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OTer the bottom of the sets. Yet the heat sdH 
remaiDiDg in the solid supporting substances was 
sufficient to increase the chemical action exerted 
by the water, although not so intense as to pre- 
vent the introduction and increase of some living 
beings. During this state of things some of the 
residuary mineral ingredients of the primsval 
ocean were precipitated, and formed deposits, (the 
transition strata of Werner,) half chemical and 
half mechanical, and containing a few fossils* 

By this new theory, which was in part a revival 
of the doctrine of Leibnitz, published in 1680, on 
the igneous origin of the planet, the old ideas re- 
specting the priority of all crystallbe rocks to 
the creation of organic beings, were still preserved; 
and the notion that all the semi-crystalline and 
partially fossiliferous rocks belonged to one pe- 
riod, while all the earthly and uncrystalline for- 
mations originated at a subsequent epoch, was also 
perpetuated. 

It may or may not be true, as the great Leibnitz 
imagined, that the whole planet was once in a state 
of liquefaction by heat ; but there are certainly no 
geological proofs that the granite which constitutes 
the foundation of so much of the earth's crust was 
ever at once in a state of universal fusion. On 
the contrary, all our evidence tends to show that 
the formation of granite, like the deposition of 
the stratified rocks, has been successive, and that 
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different portions of granite have been in • melted 
state at distinct and often distant periods. One 
mass was solid, and had been fractured, before 
another body of granitic matter was injected into 
it, or through it, in the form of veins. In short, 
the universal fluidity of the crystalline foundations 
of the earth's crust, can only be understood in the 
same sense as the universality of the ancient ocean. 
All the land has been under water, but not all at 
one time ; so all the subterranean unstratified rocks 
to which man can obtain access have been melted, 
but not simultaneously. 

In the present work the four great classes of 
rocks, the aquegus, plutonie, volcanic, and meta- 
morphic, will form four parallel, or nearly parallel, 
columns in one chronological table. They will be 
considered as four sets of monuments relating to 
four contemporaneous, or nearly contemporaneous, 
series of events. I have endeavoured, in the Fron- 
tispiece, and in a subsequent chapter on the pluto- 
nie rocks, to express the manner in which members 
of each of the four classes may have originated 
simultaneously at every geological period. Ac- 
cording to this view, the earth's crust may have 
been continually remodelled, above and below, by 
aqueous and igneous causes, from times indefinitely 
remote. In the same manner as aqueous and fos^ 
siliferous strata are now formed in certain seas or 
lakes, while in other places volcanic rocks break 
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out •! tke surface, and ara connected with reaer- 
voirs of melted matter at vast depths in the bowds 
of the earth|-— so, at everj era of the past^ fossil- 
iferous deposits and superficial igneous rocks were 
in progress contemporaneously with others of sub- 
terranean and pluuxiic origin, and some sedi* 
mentary strata were exposed to heat and made to 
assume a crystalline or metamorpbic structure. 

It can by no means be taken for granted, that 
daring all these changes the solid crust of the 
earth has been increasing in thickness* It has 
been shown, that so far as aqueous action is con- 
cerned, the gain by fresh deposits, and the k>8S by 
denudation, must at each period have been equal ; 
and in like manner, in the inferior portion of the 
earth's crust, the acquisition of new crystalline 
racks, at each successive era, may merely have 
counterbalanced tbe loss sustained by the melting 
of materials previously consolidated. As to tbe 
relative antiquity of the crystalline foundations of 
the earth's crust, when compared to the fossilifer- 
ous and volcanic rocks which they support, I have 
already stated, in the first chapter, that to pro- 
nounce an opinion on this matter is as difficult as 
at once to decide which of the two, whether tbe 
foundations or superstructure of an ancient city 
built on wooden piles may be the oldest. We have 
seen that to answer this question, we must first be 
prepared to say whether the work of decay and 
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restoraiioQ bad gone on most rapidly above or be- 
low, whether the average duration of the piles has 
exceeded that of the stone buildings, or the con- 
trary* So also in regard to the relative age of the 
superior and inferior portions of the earth's crust ; 
we cannot hazard even a conjecture on this point, 
until we know whether, upon an average, the pow- 
er of water above, or that of fire below, is most 
efficacious in giving new forms to solid matter. 

After the observations which have now been 
made, the reader will perceive that the term pri- 
mary must either be entirely renounced, or, if re- 
tained, must be differently . defined, and not made 
to designate a set of crystalline rocks, some of 
which may be newer than the secondary forma- 
tions. In this work I shall follow most nearly the 
method proposed by Mr. Bou6, who has called all 
fossiliferous rocks older than the secondary by the 
name of primary, which thus becomes a substitute 
for the term transition, so far as regards the aque- 
ous strata. To prevent confusion, however, I shall 
always speak of these as the primary foanliferous 
formations, because the word primary has hitherto 
been almost inseparably connected with the idea 
of a non-fossiliferous rock. 

If we can prove any plutonic, volcanic, or met- 
amorphic rocks to be older than the secondary for- 
mations, such rocks will also be primary, according 
to this system. Mr* Bou6 having with great pro- 

VOL. I. 17 
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priety excluded the metaroorpbic rocks, a$ a dantj 
from the primarj formatioos, proposed to call 
them all ^ crystallioe schists," restrictbg the name 
of primary to the older fossiliferous or transitioD 
strata. 

As there are secoodary fossiliferous strata, so we 
shall find that there are plutouic, volcauic, and 
metamorphic rocks of contemporaneous origin, 
which I shall also term secondary. 

Id the next chapter it will be shown that the 
strata above the chalk have been called tertiary. 
If, therefore, we discover any volcanic, plutonic, 
or metamorphic rocks, which have originated since 
the deposition of the chalk, these also will rank as 
tertiary formations. 

It may perhaps be suggested that some meta- 
morphic strata, and some granites, may be anterior 
in date to the oldest of the primary fossiliferous 
rocks. The opinion is certainly not improbable, 
and will be discussed in future chapters ; but I 
may here observe, that when we arrange the four 
classes of rocks in four parallel columns in one ta- 
ble of chronology, it is by no means assumed that 
these columns are all of equal length ; one may 
begin at an earlier period than the rest, and anoth- 
er may come down to a later point of time. In 
the small part of the globe hitherto examined, it 
is hardly to be expected that we should have dis- 
covered either the oldest or the newest of all the 
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four classes of rocks. Thus, if there be primary, 
secondary, and tertiary rocks of the fossiliferous 
classes, and in like manner primary, secondary, 
and tertiary plutonic formations, we may not be 
yet acquainted with the most ancient of the pri- 
mary fossiliferous beds, or with the newest of the 
plutonic, and so of the rest. 
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CHAPTER K. 

ON THB DirrSRKHT A9MM OP THX AqUXOUS ROCKS* 

On the three principal teels of rektiye age— superpoehioD, 
mineral character, and fiMrils «• Change of minerel ebar* 
acter, and ibaiila in the aame continuous formation — 
Prooft that distinct species of animals and plants have 
lived at successiye periods — Distinct provinces of in- 
digenous species — Great extent of single provinces — 
Similar laws prevailed at succesrive geological periods 
— Relative importance of mineral and palseontoli^pcal 
characters — Test of age by included firagraents — Fre> 
quent absence of strata of intervening periods — Prin- 
cipal groups of strata in western Europe — Post-Plio- 
cene formations defined — Fossil shells — Recent and 
Post-Pliocene strata of Naples, Sweden, Norway, South 
America, the West Indies, and Great Britain. 

In the last chapter I spoke generally of the chron- 
ological relations of the four great classes of 
rocks, and I shall now treat of the aqueous rocks 
in particular, or of the successive periods at which 
the different fossiliferous formations have been 
deposited. 

Now there are three principal tests by which 
we determine the age of a given set of strata ; 
first, superposition ; secondly, mineral character ; 
and, thirdly, organic remains. Some aid can oc- 
casionally be derived from a fourth kind of proof, 
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namely, the fact of one deposit including in it 
fragments of a preexisting rock, by which the rel- 
ative ages of the two may, even in the absence of 
all other evidence, be determined. 

Superposition, — The first and principal test of 
the age of one aqueous deposit, as compared to 
another, is relative position. It has been already 
stated, that where the strata are horizontal, tlie 
bed which lies uppermost is the newest of the 
whole, and that which lies at the bottom the most 
ancient. So, of a series of sedimentary forma* 
tions, they are like volumes of history, in which 
each writer has recorded the annals of his own 
Umes, and then laid down the book, with the last 
written page uppermost, upon the volume in which 
the events of the era immediately preceding were 
commemorated. In this manner a lofty pile of 
chronicles is at length accumulated ; and they are 
so arranged as to indicate, by their position alone, 
the order in which the events recorded in them 
have occurred^ 

In regard to the crust of the earth, however, 
there are some regions where, as the student has 
already been informed, the beds have been dis- 
turbed, and sometimes reversed^ (See pp. 124, 
125.) But the experienced geologist will not be 
deceived by these exceptional cases. When he 
finds that the strata are fractured, curved, in- 
clined, or vertical, he knows that the original 

17* 
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order of superposition must be doubtful, and he 
will endeavour to 6nd sections in some neighbour- 
ing district where the strata are horizontal, or 
only slightly inclined. Here, it is impossible that 
they can have been extensively thrown over and 
turned upside down, for such a derangement can- 
not have taken place throughout a wide area with- 
out leaving manifest signs of displacement and 
dislocation. 

Mineral characier. — The same rocks may of- 
ten be observed to retain for miles, or even hun- 
dreds of miles, the same mineral peculiarities, if 
we follow the planes of stratification, or trace the 
beds, if they be undisturbed, in a horizontal direc- 
tion. But if we pursue them vertically, or in any 
direction transverse to the planes of stratification, 
this uniformity ceases almost immediately. In that 
case we can scarcely ever penetrate a stratified 
mass for a few hundred yards without beholdiDg 
a succession of extremely dissimilar, calcareous, 
argillaceous, and siliceous rocks. These phenom- 
ena lead to the conclusion, that rivers and cur- 
rents have dispersed the same sediment over wide 
areas at one period, but at successive periods have 
been charged, in the same region, with very dif- 
ferent kinds of matter. The first observers were 
so astonished at the vast spaces over which they 
were able to follow the same homogeneous rocks 
in a horizontal direction, that they came hastily 
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to the opinion, that the whole globe had been 
environed by a succession of distinct aqueous 
formations, disposed round the nucleus of the 
planet, like the concentric coats of an onion. But 
although, in fact, some formations may be continu- 
ous over districts as large as half of Europe, or 
even more, yet most of them either terminate 
wholly within narrower limits, or soon change their 
lithological character. Sometimes they thin out 
gradually, as if the supply of sediment had failed 
in that direction, or they come abruptly to an 
end, as if we had arrived at the borders of the 
ancient sea or lake which served as their recepta- 
cle. It no less frequently happens that they vary 
in mineral aspect and composition, as we pursue 
ihera horizontally. For example, we trace a lime- 
stone for a hundred miles, until it becomes more 
arenaceous, and finally passes into sand, or sand- 
stone. We may then follow this sandstone, al- 
ready proved by its continuity to be of the same 
age, throughout another district a hundred miles or 
more in length. 

Organic remains. — This character must be 
used as a criterion of the age of a formation, or of 
the contemporaneous origin of two deposits in dis- 
tant places, under very much the same restrictions 
as the test of mineral composition. 

First, the same fossils may be traced over wide 
regions, if we examine strata in the direction of 
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tbeir piiiies, alcboogh hj mo mtais ibr kidefimte 
dkltoces. 

Seocmdljry while the same feanb prevail in a 
particular set of strata for hmidreds of miles in a 
boriaontal directioo, we seldom meet with the sane 
remains for many fathoms, and very rarelj for 
sereral hundred yards, in a vertical line; or a fine 
transverse to the strata. This fact has now been 
veri6ed in almost all parts of the gkbe, and has 
led to a coovictioQ, that at sucoesave periods of 
the past, the same area of land and water has been 
inhabited by species of animals and plants as dis- 
tinct as those which now people the antipodes, or 
which now coexist in the arctic, temperate, and 
tropical zones. It appears, that from the remotest 
periods there has been ever a coming in of new 
organic forms, and an extinction of those which 
preexisted on the earth ; some species having 
endured for a longer, others for a shorter time ; 
while none have ever reappeared after once dying 
out. The law which has governed the creation 
and extinction of species seems to be expressed in 
the verse of the poet, — 

''Nature i1 fece, e poi ruppe la stampa." Ariosto. 
Nature made it, and then broke the die. 

And this circumstance it is which confers on fossils 
their highest value as chronological tests, giving 
to each of them, in the eyes of the geologist, that 
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authority which belongs to contemporary medals 
in history. 

The same cannot be said of each peculiar variety 
of rock ; for some of these, as red marl and red 
sandstone, for example, may occur at once at the 
top, bottom, and middle of the entire sedimentary 
series ; exhibiting in each position so perfect an 
identity of mineral aspect as to be undistinguisha* 
ble. Such exact repetitions, however, of the same 
mixtures of sediment have not often occurred, at 
distant periods, in precisely the same parts of the 
globe; and even where this has happened, we 
may usually avoid confounding together the monu- 
ments of remote eras, by the aid of fossils and rela* 
tive position. 

It was remarked that the same species of fossils 
cannot be traced horissontally, or in the direction 
of the planes of stratification for indefinite dis- 
tances. This might have been expected from 
analogy; for when we inquire into the present 
distribution of organic beings, we find that the 
habitable surface of the sea and land may be divided 
into a considerable number of distinct provinces, 
each peopled by a peculiar assemblage of animals 
and plants. In the Principles of Geology, I ^en- 
deavoured to point out the probable origin of these 
separate divisions ; and it was shown that climate 
IS only one of many causes on which they depend, 
and that difference of longitude as well as latitude 
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is geoerally accompanied by a dissimilaritj of in- 
digenous species. 

As different seas, therefore, and lakes are ip- 
habited at the same period, by different aquatic 
animals and plants, and as the lands adjoining 
these may be peopled by distinct terrestrial species, 
it follows that distinct fossils will be imbedded in 
contemporaneous deposits. If it were otherwise 
— if the same species abounded in every climate, 
or in every part of the gloj^e ]¥here^ so far as we 
can discover, a coiVeSpondiffg temperature and 
other conditions favorable to their existence 
are found — the identification of mineral masses 
of the same age, by means of their mcluded or- 
ganic contents, would be a matter of much greater 
facility. 

But the extent of the same zoological provinces, 
especially those of marine animals, is very great ; 
and our geological researches have proved that 
the same laws prevailed at remote periods ; for 
the fossils are often identical throughout wide 
spaces, and in a great number of detached de- 
posits, in which the mineral nature of the rocks is 
variable. 

The doctrine here laid down will be more 
readily understood, if we reflect on what is now 
going on in the Mediterranean. That entire sea 
may be considered as one zoological province; 
for, although certain species of testacea and zoo- 
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phytes may^be very local, and each region has 
probably some species peculiar to it, still a con- 
siderable number are common to the whole Med- 
iterranean. If, therefore, at some future period, 
the bed of this inland sea should be converted 
into land, the geologist might be enabled, by 
reference to organic remains, to prove the con- 
temporaneous origin of various mineral masses 
scattered over a space equal in area to the half of 
Europe. 

The deposits alluded to are those which are 
well known to be now in progress in the deltas of 
the Po, Rhone, Nile, and other rivers, the sedi*^ 
ment of which differs as greatly as does the com- 
position of the mountains which they drain. There 
are also other quarters of the Mediterranean, as 
off the coast of Campania, or near the base of 
Etna, in Sicily, or in the Grecian Archipelago,, 
where other kinds of rocks are now forming. Oc-^ 
casional showers of volcanic ashes fall into the sea,, 
and streams of lava overflow its bottom ; and in* 
the intervals between volcanic eruptions, beds of 
sand and clay are frequently derived from the- 
waste of cliffs, or the turbid waters of rivers. 
Limestones, moreover, such as the Italian tra- 
vertins, are here and there precipitated from the- 
waters of mineral springs, some of which rise up 
from the bottom of the sea. In all these detached 
formations, so diversified in their lithological char^ 
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acters, the remains of the aame shdlSf corab, 
Crustacea, and fish are beoomiog inclosed ^ or, at 
least, a sufficient number must be common to the 
difierent localities to enable the aoologist to refer 
them all to one contemporaneous assemblage of 
species. 

There are, however, certain combinations of 
geographical circumstances which cause distinct 
provinces of animals and plants to be separ- 
^ ated from each other by very narrow limits; 
and hence it must happen, that strata will be 
sometimes formed in contiguous regions, differing 
widely both in mineral contents and organic 
remains. Thus, for example, the testacea, asoo- 
phytes, and fish of the Red Sea are, as a group, 
extremely distinct from those inhabiting the ad- 
joining parts of the Mediterranean, although the 
two seas are separated only by the narrow isthmus 
of Suez. Calcareous formations have accumulat- 
ed on a great scale in the Red Sea in modem times, 
and fossil shells of existing species are well pre- 
served therein ; and we know that at the mouth 
of the Nile large deposits of mud are amassed, 
including the remains of Mediterranean species. 
It follows, therefore, that if at some future period 
the bed of the Red Sea should be laid dry, the 
geologist might experience great difficulties in 
endeavouring to ascertain the relative age of these 
formations, which, although dissimilar both in 
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organic and mineral characters were of synchron- 
ous origin. 

But we must not forget that the northwestern 
shores of the Arabian Gulf, the plains of Egypt, 
and the isthmus of Suez, are all parts of one pro- 
vince of terrestrial species. Small streams, there- 
fore, occasional land-floods, and those winds which 
drift clouds of sand along the deserts, might carry 
down into the Red Sea the same shells of fluviatile 
and land testacea which the Nile is sweeping into 
its delta, together with some remains of terrestriaf 
plants, whereby the groups of strata, before al- 
luded to, might, notwithstanding the discrepancy^ 
of their mineral composition, and marine organic 
fossils, be shown to have belonged to the same* 
epoch. 

But while rivers may thus carry down the same 
fluviatile and terrestrial spoils into two or more 
seas inhabited by difierent marine species, it wilf 
much more frequently happen, that the coexist- 
ence of terrestrial species of distinct zoologicat 
and botanical provinces will be proved by the 
identity of the marine beings which inhabited the 
intervening space. Thus, for example, the land* 
quadrupeds and shells of the south of Europe, 
north of Africa, and northwest of Asia, are dif- 
ferent, yet their remains are all washed down by^ 
rivers flowing from these three countries into the 
Mediterranean. 

^OL. I. 18 
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lu some parts of the globe, at the present period, 
the line of demarcation between distinct provinces 
of animals and plants is not very strongly marked, 
especially where the change is determined by tem- 
perature, as in seas extending from the temperate 
to the tropical zone, or from the temperate to the 
arctic regions. Here a gradual passage takes 
place from one set of species to another* In like 
manner the geologist, in studying particular forma- 
tions of remote periods, has sometimes been able 
to trace the gradation from one ancient province 
to another, by observing carefully the fossils of all 
the intermediate places. His success in thus ac- 
quiring a knowledge of the zoological or botanical 
geography of very distant eras has been mainly 
owing to this circumstance, that the mineral char- 
acter has no tendency to be affected by climate. 
A large river may convey yellow or red mud into 
some part of the ocean, where it may be dispersed 
by a current over an area several hundred leagues 
in length, so as to pass from the tropics into the 
temperate zone. If the bottom of the sea be 
afterwards upraised, the organic remains im- 
bedded in such yellow or red strata may indicate 
the different animals or plants which once in- 
habited at the same time the temperate and equa- 
torial regions. 

It may be true, as a general rule, that groups of 
the same species of animals and plants may ex- 
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tend over wider areas than deposits of homoge- 
neous composition ; and if so, palaeontological char- 
acters will be of more importance in geological 
classification than mineral composition ; but it is idle 
to discuss the relative value of these tests, and it 
fortunately happens, that where the one criterion 
fails, we can often avail ourselves of the other. 

Test by included fragments of older rocks. — It 
was stated, that independent proof may sometimes 
be obtained of the relative date of two formations, 
by fragments of an older rock being included in 
a newer one. This evidence may sometimes be 
of great use, where a geologist is at a loss to de- 
termine the relative age of two formations, from 
want of clear sections exhibiting their true order 
of position, or because the strata of each group 
are vertical. In such cases we sometimes dis- 
cover that the more modern rock has been in part 
derived from the degradation of the older. Thus, 
for example, we may find in one part of a coun- 
try chalk with flints ; and, in another, a distinct 
formation, consisting of alternations of clay, sand, 
and pebbles. If some of these pebbles consist of 
flints, with fossil shells of the same species as those 
in the chalk, we may confidently infer that the 
chalk is the oldest of the two formations. 

Chronological groups. — The number of groups 
into which the fossiliferous strata may be separated 
are more or less numerous, according to the views 
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of classiGcatioD which different geologists eoter- 
taiD ; but when we have adopted a certain system 
of arrangementy we immediately find that a few 
only of the entire series of groups occur one upon 
the other in any single section or district. 

The thinning out of individual strata was before 
described (p. 34.). But let the annexed diagram 

Fig. 100. 
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represent seven fossiliferous groups, instead of as 
many strata. It will then be seen that in the mid- 
dle all the superimposed formations are present ; 
but in consequence of some of them thinning out, 
No. 2. and No. 5. are absent at one extremity of 
the section, and No. 4. at the other. 

If the reader consults the Frontispiece, he will 
see, that as the yellow-colored strata A rest un- 
conformably upon the older groups, c, c, /, g, 
we should meet with a very different succession 
in a vertical section exposed at different places ; 
in one spot the beds A, lying immediately on c, 
in another on g*, and so forth. Now here the dif- 
ference has been partly occasioned by denudation ; 
the formations a, 6, for instance, once extended 
much further to the left, and but for denudation 
would have been everywhere interposed between 
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A and the rocks c, /, g. In many instances the 
entire absence of one or more formations of inter- 
vening periods between two groups, such as A and 
c (see Frontispiece), arises, not from the destruc- 
tion of what once existed, by denudation, but be- 
cause no strata of an intermediate age were ever 
deposited on c. They were not formed at that 
place, either because the region was dry land dur- 
ing the interval, or because it was part of a sea or 
lake to which no sediment was carried. 

In order, therefore, to establish a chronological 
succession of fossiliferous groups, a geologist must 
begin with a single section, in which several sets 
of strata lie one upon the other. He must then 
trace these formations, by attention to their miner- 
al character and fossils, continuously, as far as pos- 
sible, from the starting point. As often as he meets 
with new groups, he must ascertain by superposi- 
tion their age relatively to those first examined, and 
thus learn how to intercalate them in a tabular ar- 
rangement of the whole. 

By this means the German, French, and Eng- 
lish geologists have determined the succession of 
strata throughout a great part of Europe, and have 
adopted pretty generally the following groups, al- 
most all of which have their representatives in the 
British Islands. 

18* 
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Oroups of FoiMiferoui Strata ob$erved in fVtit- 
em Europe, arranged in what i$ termed a rfe- 
icending Series, or beginning with the newest. 

I. Post-Pliooene, including those of 

the Recent, or human period. 
S. Newer Pliocene. n 

3. Older Pliocene. f Tertiary or Supraere- 

4. Miocene. t taceous.* 

5. Eocene. ^ 

6. Chalk. 

7. Greenaand. 

8. Wealden. 

9. Upper Oolite. 
10. Middle Oolite. 

II. Lower Oolite. 

12. Lias. 

13. Upper New Red Sandstone and 

Mufchelkalk. 

14. Lower New Red and Magneaian 

limestone. 

15. Coal. 

16. Old Red Sandstone and Devonian. > 



^Secondary. 



17. Upper Silurian. ^ 

18. Lower Silurian. i *?o™"'n '^^^^of^wiM 

19. Cambrian and older fossiliferous i authored* 

straU. ) '^ 

A glance at the above table will show that the 
three principal sections, called primary fossiliferous, 
secondary, and tertiary, are by no means of equiv- 
alent importance, if the eighteen subordinate groups 
comprise monuments relating to equal portions of 

* For tertiary, M. Dc la Beche has used the term ^ su- 
pracretaceous," a name implying that the strata so called 
are superior in position to the chalk. 
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past time, or of the earth's history. But this we 
canDot assert ; but merely know that they each re- 
late to successive periods, during which certain 
animals and plants, for the most part peculiar to 
that era, flourished, and during which different 
kinds of sediment were deposited in the space now 
occupied by Europe. 

If we were disposed, on palsontological grounds, 
to divide the entire fossiliferous series into a few 
groups, less numerous than those in the above table, 
and more nearly coordinate in value than the sec- 
tions called primary, secondary, and tertiary, we 
might, perhaps, adopt the six following groups or 
periods.* 

Fossiliferous Strata of Western Europe divided 

into Six Groups. 

1. Po8t-Plioceoe and "> from the Post-Pliocene to the Eocene 

Tertiary - - * inclusive. 

( from the Chalk to the Wealden in- 

2. Cretaceous - -) , . 

C elusive. 

^ ^ ,. . C from the Portland Oolite to the Lias 

3. Oolitic . - -> . , . 

V inclusive. 

\ including the Keuper, Muschelkalk, 

4. Upper New Red - > and Bunter Sandstein of the Ger- 

^ mans. 

•.,,*, ,^ including Magnesian Limestone 

5. Lower New Red and / .ry . » • \ r» i j i-ku » j 

\ (Zechstem), Coal, and Old Red 

Carboniferous -\ , . 

J sandstone. 

^ ^ . ^ .,., ( from the Upper Silurian to the oldest 

6. Primary fossiliferous) - .,.- l • i . 

"^ ( fossiliferous rocks inclusive. 

* Peleeontology is the science which treats of fossil re- 
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At the same time I may observe, that in the 
present state of the science, when we have not yet 
compared the evidence derivable from all classes 
of fossils, not even those most generally distributed, 
such as shells, corals, and fish, such generalizations 
are premature, and can only be regarded as con- 
jectural schemes for the founding of large natural 
groups. 

In the first of the foregoing tables (p. 210.) I 
have adopted the term Post-Pliocene for those 
strata, which are sometimes called modem, and 
which are characterized by having aU the imbedded 
fossil shells indentical with species now living, 
whereas even the Newer Pliocene or newest of the 
tertiary deposits contain always some small propor- 
tion of shells of extinct species.^ 

These modern formations, thus defined, com- 
prehend not only those strata which can be shown 
to have originated since the earth was inhabited 
by roan, but also deposits of far greater extent 
and thickness, in which no signs of roan or his 
works can be detected. In some of these, of a 
date long anterior to the times of history and 
tradition, the bones of extinct quadrupeds have 
been met with of species which probably never 

mains, both animal and Tegetable. Et^ftn. wmkmfitt palaioSf 
ancient, ffrm, ontOy beings, xSyttt iogosy a discourse. 
* See explanation of the term Pliocene, chap. xii. 
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coexisted with the human race, as, for example, 
the mammoth, and yet the shells are the same as 
those now living. 

Before enlarging further on these topics, it may 
be well to explain why the testacea are selected as 
the most useful and convenient class of fossil re- 
mains for the purposes of general classification. 
In the first place, they are more universally dis- 
tributed through strata of every age than any 
other organic bodies. Those families of fossils 
which are of rare and casual occurrence are abso- 
lutely of no avail in establishing a chronological 
arrangement. If we have plants alone in one 
group of strata and the bones of mammalia in 
another, we can draw no conclusion respecting 
the affinity or discordance of the organic beings 
of the two epochs compared ; and the same may 
be said if we have plants and vertebrated animals 
in one series and only shells in another. Although 
corals are more abundant, in a fossil state, than 
plants, reptiles, or fish, they are still rare when con- 
trasted with shells, especially in the European ter- 
tiary formations. The utility of the testacea is, 
moreover, enhanced by the circumstance that some 
forms are proper to the sea, others to the land, 
and others to freshwater. Rivers scarcely ever 
fail to carry down into their deltas some land 
shells, together with species which are at once 
fluviatiie and lacustrine. By this means we learn 
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what terrestrial, freshwater, and mariDe species 
coexisted at particular eras of the past ; and hav- 
ing thus identified strata formed in seas, with 
others which originated contemporaneously in in- 
land lakes, we are then enabled to advance a step 
further, and show that certain quadrupeds or 
aquatic plants, found fossil in lacustrine forma- 
tions, inhabited the globe at the same period when 
certain fish, reptiles, and zoophytes lived in the 
ocean. 

Among other characters of the molluscous ani- 
mals, which render them extremely valuable in 
setding chronological questions in geology, may 
be mentioned, first, the wide geographical range 
of many species ; and, secondly, what is probably 
a consequence of the former, the great duration of 
species in this class, for they appear to have sur- 
passed in longevity the greater number of the 
mammalia and fish. Had each species inhabited 
a very limited space, it could never, when imbed- 
ded in strata, have enabled the geologist to identi- 
fy deposits at distant points ; or had they each last- 
ed but for a brief period, they could have thrown 
no light on the connexion of rocks placed far from 
each other in the chronological, or, as it is often 
termed, vertical series. 

That portion of the post-pliocene group which 
belongs to the human epoch, and which is some- 
times called Recentj forms a very insignificant 
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feature in the geological structure of the earth's 
crust. I have shown, however, in another work, 
where the recent changes of the earth illustrative 
of geology are described at length, that the depos- 
its accumulated at the bottom of lakes and seas 
within the last 4000 or 5000 years can neither be 
insignificant in volume or extent. They lie hidden, 
for the most part, from our sight ; but we have 
opportunities of examining them at certain points 
where newly-gained land in the deltas of rivers 
has been cut through during floods, or where 
coral reefs are growing rapidly, or where the bed 
of a sea or lake has been heaved up by subter- 
ranean movements and laid dry. Their age may 
be recognised either by our finding in them the 
bones of man in a fossil state, that is to say, im- 
bedded in them by natural causes, or by their 
containing articles fabricated by the hands of 
man. 

Thus at Puzzuoli, near Naples, marine strata 
are seen containing fragments of sculpture, pot- 
tery, and the remains of buildings, together with 
innumerable shells retaining in part their color, 
and of the same species as those now inhabiting 
the Bay of Baiae. The uppermost of these beds 
is about twenty feet above the level of the sea. 
Their emergence can be proved to have taken 
place since the beginning of the sixteenth cen- 
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tury.* Now here, as Id almost every instance 
where any alterations of level have been going on 
in historical periods, it is found that rocks con- 
taining shells, all, or nearly all of which still in- 
habit the neighbouring sea, may be traced for 
some distance into the interior, and often to a 
considerable elevation above the level of the sea. 
Thus, in the country round Naples, the post- 
pliocene strata, consisting of clay and horizontal 
beds of volcanic tuff, rise at certain points to the 
height of 1500 feet. Although the marine sheUs 
are exclusively of living species, they are not ac- 
companied like those on the coast at Puzzuoli 
by any traces of man or his works. Had any 
such been discovered, it would have afforded to 
the antiquary and geologist matter of great sur- 
prise, since it would have shown that man was an 
inhabitant of that part of the globe, while the 
materials composing the present hills and plains 
of Campania were still in the progress of deposi- 
tion at the bottom of the sea; whereas we know 
that for nearly 3000 years, or from the times of 
the earliest Greek colonists, no material revolution 
in the physical geography of that part of Italy has 
occurred. 

In Iscliia, a small island near Naples, composed 
in like manner of marine and volcanic formations, 

* See Principles, Index, "Serapis." 



Gh. IX.] RECENT STRATA IN SWEDEN. 217 

Dr. Pbilippi collected in the stratified tuff and 
clay ninety-two species of shells, all of which, ex- 
cept three, are already known to exist in the 
Mediterranean, and the others may yet perhaps 
be discovered. In the centre of Ischia, the lofty 
hill called Epomeo, or San Nicola, is composed 
of greenish indurated tuff, of a prodigious thick- 
ness, interstratified in some parts with marl, and 
here and there with great beds of solid lava. 
Visconli ascertained by trigonometrical measure- 
ment, that this mountain was 2605 feet above the 
level of the sea. Not far from its summit, at the 
height of about 2000 feet, as also near Moropano^ 
a village only 100 feet lower, on the southern 
declivity of the mountain, I collected, in 1828^ 
many shells of species now inhabiting the neigh- 
bouring gulf. It is clear, therefore, that the great 
mass of Epomeo was not only raised to its present 
height, but was also formed beneath the waters,, 
within the Post-Pliocene period. 

In Sweden^ analogous phenomena have been 
observed* Near Stockholm, for example, when 
the canal of Sodertelje was dug, horizontal beds 
of sand, loam, and marl were passed through, in 
some of which the same peculiar assemblage of 
testacea which now live in the brackish waters of 
the Baltic were found. Mingled with these, at 
different depths, were detected various works of 
art implying a rude state of civilization, and some 

VOL. I. 19 
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▼esseb built before the iDtroductioQ of iron. 
These Fesseb and iropIeroeDts must haye sunk to 
the bottom of an arm of the sea, afterwards filled 
up with sand and loam inclosing marine shells, 
and the whole must then have been upraised ; ao 
that the upper beds became sixty feet higher than 
the surface of the Baltic. In the neighbourhood 
of these recent strata, both to the northwest and 
south of Stockholm, other deposits similar in min- 
eral composition occur, which ascend to greater 
heights, in which precisely the same assemblage 
of fossil shells is met with, but without any inter- 
mixture of human bones or fabricated articles. 

On the opposite or western coast of Sweden, at 
Uddevalla, Post-Pliocene strata, containing recent 
shells, such as now live in the northern ocean, 
ascend to the height of 200 feet ; and beds of clay 
and sand of the same age attain elevations of 300 
and even 600 feet in Norway, where they have 
been usually described as raised beaches. They 
are, however, thick deposits of submarine origin, 
spreading far and wide, and filling valleys in the 
granite and gneiss, just as the tertiary formations, 
in diflferent parts of Europe, cover or fill depres- 
sions in the older rocks. It has been ascertained 
that, in various parts of Finland and Sweden, 
land has been rising gradually at the rate of a 
few feet, and sometimes only a few inches, in a 
century, above its former level ; and similar move- 
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ments must evidently have been experienced in 
Norway, since the ocean was peopled with the 
species of testacea now inhabiting its waters. 

Examples might be cited in all parts of the 
world of the same phenomena. Thus, Recent 
strata have been traced along the coasts of Peru 
and Chili, inclosing shells in abundance, all agree- 
ing specifically with those now swarming in the 
Pacific. In one bed of this kind, in the island of 
San Lorenzo, near Lima, Mr. Darwin found, at 
the altitude of eighty-five feet above the sea, 
pieces of cotton-thread, plaited rush, and the 
head of a stalk of Indian corn, the whole of which 
had evidently been imbedded with the shells. At 
the same height on the neighbouring mainland, 
he found other signs corroborating the opinion 
that the ancient bed of the sea had there also 
been uplifted eighty-five feet, since the region was 
first peopled by the Peruvian race.* But similar 
shelly masses are also met with at much higher 
elevations, at innumerable points between the Chi- 
lian and Peruvian Andes, and the sea-coast, in 
which no human remains were ever, or in all prob- 
ability ever will be, discovered. 

In the West Indies, also, in the island of Gua- 
daloupe, a solid limestone occurs, at the level of 
the sea-beach, enveloping human skeletons. The 

* Journal, p. 451. 
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stODe U extremely hard, and chiefly composed of 
commiouted shell and corali with here and there 
some entire corals and shells, of species now 
living in the adjacent ocean* With them are in- 
cluded arrow-heads, fragments of pottery, and 
other articles of human workmanship. A lime- 
stone with similar contents has been formed, and 
is still forming, in St. Domingo. But there are 
also more ancient rocks in the West Indian Ar- 
chipelago, as in Cuba, near the Havana, and in 
other islands, in which are shells identical with 
those now living in corresponding latitudes; some 
well preserved, others in the state of casts, all 
referable to the Post-Pliocene period. 

In England, buried ships have been found in the 
former and now deserted channels of the Rother 
in Sussex, of the Mersey in Kent, and the Thames 
near London. Canoes and stone-hatchets have 
been dug up, in almost all parts of the kingdom, 
from peat and shell-marl ; but there is no evidence, 
as in Sweden, Italy, Peru, Chili, and other parts 
of the world, of the bed of the sea, and the 
adjoining coast, having been uplifted bodily in 
recent times. In Ireland, however, the greater 
part of a human skeleton has been lately found 
at Waterford Haven, in an undisturbed marine 
stratum, containing the common mussel, cockle, 
and other shells of recent species, some of which 
were found in the cavity of the skull. The bed 
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consisted of sand and clay, and was five feet be- 
low the surface of the soil, and five feet above the 
level of high-tide. Other parts of the same for- 
mation extend eight miles inland, and reach a 
height of forty feet above the sea. * 

* T. AustiD, Proceedings Geol. Soc No. 74. 
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CHAPTER X. 

BOULDXK FORVATIONy ITS AOK, AlTD ORieiK. 

Boulder formation of Scuidinana, Rtana, and nortben 
Germany deacrlbed — Till — Erratioa diminiahing id 
size when traced southwards — They rest on Post- 
Pliocene strata in Russia and Sweden — Drift of easten 
Norfolk — Associated freshwater deposit — Bent and 
(bided strata lying on horizontal and undisturbed beds 
— Lateral pressure of stranded icebergs — Drifting of 
stones by ice in northern and southern hemispheres—* 
Cause of non-stratification of Till — Buried fiurest in 
Norfolk — Boulder formation of Canada, and arctic char- 
acter of accompanying shells. 

Mention was made in the seventh chapter of an 
aDcient alluvium in the north of Europe, called 
the '^ boulder formation," the peculiar characters 
and probable age of which must now be considered. 
I shall first describe briefly that portion of it which 
extends from Finland and the Scandinavian moun- 
tains to the north of Russia, and the low coun- 
tries bordering the Bahic, and which has been 
traced southwards as far as the eastern coast of 
England. This formation consists of mud, sand, 
and clay, sometimes stratified, but often wholly 
devoid of stratification, for a depth of more than 
a hundred feet To this unstratified form of the 
deposit, the name of till has been applied in Scot- 
land. It generally contains numerous fragments 
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of rocks, some angular and others rounded, which 
have been derived from formations of all ages, both 
fossiliferous, volcanic, and hypogene, and which 
have often been brought from great distances. 
Some of the travelled blocks are of enormous size, 
several feet or yards in diameter ; their average 
dimensions increasing as we advance northwards. 
The till is almost everywhere devoid of organic 
remains, unless where these have been washed 
into it from older formations ; so that it is chiefly 
from relative position that we must hope to derive 
a knowledge of its age, 

Although a large proportion of the boulder de- 
posit is made up of fragments brought from a dis- 
tance, and which have sometimes travelled many 
hundred miles, the bulk of the mass in each locality 
consists of the ruins of subjacent or neighbouring 
rocks ; so that it is red in a region of red sand- 
stone, white in a chalk country, and gray or black 
in a district of coal and coal-shale. 

Northern origin of erratics. — That the erratics 
of northern Europe have been carried southward, 
cannot be doubted ; those of granite, for example, 
scattered over large districts of Russia and Poland, 
agree precisely in character with rocks of the 
mountains of Lapland and Finland; while the 
masses of gneiss, syenite, porphyry, and trap, 
strewed over the low sandy countries of Pome- 
rania, Holstein, and Denmark, are identical in min- 
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eral oharactera with the mouDtains of Norway and 
Sweden. 

It is found to be a general rule in Russia, that 
the smaller blocks are carred to greater distances 
from their point of departure than the larger ; the 
distance being sometimes 800 and even 1000 
miles from the nearest rocks, from which they were 
broken off; the direction having been from N. W. 
to S. E., or from the Scandinavian mountains over 
the seas and low lands to the southeast. 

When we have once ascertained that the main 
direction of the continuous stream of blocks was 
from Scandinavia towards more southern latitudes, 
and when we have traced it from Denmark across 
the Elbe, and through Westphalia, to the borders 
of Holland, we are the less surprbed to find it re^ 
appear on our eastern coast, between the Tweed 
and the Thames, regions not half so remote from 
parts of Norway as are many Russian erratics 
from the sources whence they came. That its ac^ 
cumulation throughout this area took place wholly, 
or in great part, during the Post-Pliocene period 
is proved by its superposition at several points to 
strata containing recent shells. Thus, for exam- 
ple, in European Russia, M. M. Murchison and 
De Verneuil found, in J840, that the flat country 
between St. Petersburgh and Archangel, for a 
distance of 600 miles, consisted of horizontal strata, 
full of shells similar to those now inhabiting the 
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arotio sea, on which rested the bouldev formation, 
containing laVge erratics. 

In Sweden, in the immediate neighhourhood of 
Upsala, I observed, in 1834, a ridge of stratified 
sand and gravel, in the midst of which is a layer 
of marl, evidently formed originally at the bottom 
of the Baltic, by the slow growth of the mussel, 
cockle, and other marine shells intermixed with 
some of freshwater species. The marine shells 
are all of dwarfish size, like those now inhabiting 
the brackish waters of the Baltic ; and the marl, 
in which myriads of them are imbedded, is now 
raised more than 100 feet above the level of the 
Gulf of Bothnia, Upon the top of this ridge 
repose several huge erratics, consisting of gneiss 
foF the moat part imroMpded, from nipe to si:|{:te9Q 
fQQt iH diameter, and which must have bqeo 
brought into their present position since the time 
when the neighbouring gulf was already char^ 
acterized by ita peculiar fauna,^ Here, thereat 
fore, we have proof that the transport of erratics 
continued to take place, not merely when the sea 
was inhabited by the existing testacea, but when 
the north of Europe had already assumed that 
remarkable feature of ita physical geography, 
which causes the Gulf of Bothnia to have only one 
fourth of the saltness belonging to the ocean. In 
Denmark, also, recent shells have been found 

* See paper by the author, Phil. Trans. 1835, p. 15. 
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in stratified beds, closely associated with the 
boulder clay. 

Ncffolk drift. — The sime association recurs 
in England, where the boulder deposit may be 
studied with the greatest advantage in the cliffi of 
the Norfolk coast, between Happisbui^h and Cro- 
mer. Vertical sections, having an ordinary height 
of from 50 to 70 feet, are there exposed to view 
for a distance of about 20 miles. The name of 
diluvium was formerly given to it by those who 
supposed it to have been produced by the vio- 
lent action of a sudden and transient deluge, but 
the term drift has been substituted by those 
who reject this hypothesis. Here, as elsewhere, 
it consists for the most part of clay, loam, and 
sand, in part stratified, in part devoid of stratifica- 
tion. Pebbles, together with some large boulders 
of granite, porphyry, greenstone, lias, chalk, and 
other transported rocks, are interspersed, espe- 
cially through the till. White chalk rubble, un- 
mixed with foreign matter, and even huge frag- 
ments of solid chalk, also occur in many localities. 
No fossils have been detected, in this drift, which 
can positively be referred to the era of its accu- 
mulation ; but at some points it overlies a fresh- 
water formation containing recent shells, and at 
others it is blended with the same in such a man- 
ner as to force us to conclude that both were con- 
temporaneously deposited. 
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Fig. 101. 




Freshtoater, 
hOercalation tfthefiretkwater bed$ and kouldtr elajf at Mandealaff. 

This interstratificatioD is expressed in the an- 
nexed figure, the dark mass indicating the position 
of the freshwater beds, which contain much vege- 
table matter, and are divided into thin layers. 
The imbedded shells belong to the genera Planor- 
biSf LimneOj Paludinoj Unioj Cyclasj and others, 
all of British species, except a minute Pcdudina 
now inhabiting France. (See Fig. 102.) 

Fig. 102. 
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Pahutuia margkuaa, Michaod. (P. wintUa, Strickland.) 
The middle figure is of the natural size. 

The Cyclas (Fig. 103.) is merely a remarkable 

Fig. 103. 




• 




OifcUu (Pisidtmm) anndea, rvt. f 
The two middle figures are of the natural size. 
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variety of the common English species. The 
scales and teeth of fish of the genera Pike, Percb, 
Roach, and others, accompany these shells ; but 
the species are not considered by M. Agassiz 
to be identical with known British or European 
kinds. If all the shells, therefore, of these fresh- 
water beds, when more thoroughly investigated, 
should prove to be of recent species, the associated 
Norfolk drift must be referred to part of the Post- 
Pliocene period. 

The series of formations in the clifis of eastern 
Norfolk, now under consideration, beginning with 
the lowest, is as follows : — First, chalk ; secondly, 
patches of a marine tertiary formation, called the 
Norwich Crag, hereafter to be described ; thirdly, 
the freshwater beds already mentioned ; and lastly, 
the drift. Immediately above the chalk, or crag, 
when that is present, is found here and there a 
buried forest, or a stratum in which the stools and 
roots of trees stand in their natural position, the 
trunks having been broken short off and imbedded 
with their branches and leaves. It is very re- 
markable that the strata of the overlying boulder 
formation have often undergone great derangement 
at points where the subjacent forest bed and chalk 
remain undisturbed. There are also cases Where 
the upper portion of the boulder deposit btts been 
greatly deranged, while the lower beds of the 
same have continued horizontal. Thus the an- 
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nexed section (Fig. 104.) represents a cliff about 
50 feet high, at the bottom of which is iillj or 

Fig. 104. 




Cliff so feet high between Baeton Qap and Mundeile^. 

unstratified clay, containing boulders, having an 
even horizontal surface, on which repose conform* 
ably beds of laminated clay and sand about 5 feet 
thick, which, in their turn, are succeeded by verti- 
cal, bent, and contorted layers of sand and loam 
20 feet thick, the whole being covered by flint 
gravel. Now the curves of the variously colored 
beds of loose sand, loam, and pebbles are so com- 
plicated that not only may we sometimes find 
portions of them which maintain their verticality to 
a height of ten or fifteen feet, but they have also 
been folded upon themselves in such a manner that 
continuous layers might be thrice pierced in ono 
perpendicular boring. 

Fig. 105. At some points there is 

an apparent folding of the 
beds round a central nu- 
cleus, as at a, Fig. 105., 
where the strata seem bent 
round a small mass of 
VOL. I. 20 
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and West Ronton. 
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Section tf eaneentric beds wut tf Cromer. 

1. Bkie clay. 3. Yellow sand. 

2. White sand. 

5 



Y}$'^^' chalk; or, as 

in Fig. 106., 
where the blue 
clay^No. l.yisiD 
the centre ; and 
where the other 
strata, 2, 3, 4, 
5, are coiled 
round it ; the 
entire iQa3s be- 

d. 4. Slriped loam and cl^y. ^nir tnrAntv ff»At 
. Laminated Cue clay. ^ ^^^ IWeOty leCl 

in perpeadicultr 
bright. This appearance of concentrip arranije^ 
ment round a nucleus is, nevertheless, deliisdre, 
being produced bjr the intersection of beds beot 
into a convex shape ; and that which seems the 
nucleus being, in fact, the innermost bed of the 
series, which has become partially visible by the 
r^n^Qval of the protuberant, portions of the outei: 
layers. 

To the north of Cromer are other 6m illustra-^ 
tipns of contorted drift reposing on a Qoor of chalk 
horizontally stratified and having a level sur- 
foce. These pheuQmena, in themselves sufficient- 
ly difficult of exp)a«nation, are rendered still more 
anomalous by the occ£^ional inclosure in the drift 
of huge fragooents of cMk many yards in diame- 
ter. One striking instance occurs west of Sher- 
ringham, where an enormous pinnacle of chalk, 
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between TO and 80 feet in height, is flenked on 
both tides b; rertictd layers of loomi clay, and 
gravel. (Fig. 107.) 

FEg. 107. 




This chalky fragment is only one of many de- 
tached masses which have been included in the 
drin, and forced along with it into their present 
position. The level surface of the chalk in situ (d) 
may be traced for miles along the coast, where it 
has escaped the violent movements to which the 
incumbent drift has been exposed.* 

We are called Upon, then, to explain bow any 
force can have been exerted against the upper 
masses, so as to produce movements in Whieh the 
subjacent strata have not participated. It may 

* For a liill account of the drift of East Norfolk, see a 
paper by the author, PhiL Blag., ffo. 104^ Haj, 184IX 
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be aofwered that, if we conceive the till and its 
boulders to bare been drifted to their present place 
by ice, a theory in support of which many argu- 
ments will presently be adduced, the laterat pres- 
sure may have been supplied by the stranding of 
ice islands. We learn, from the observations of 
Messrs. Dease and Simpson in the polar regions, 
that such islands, when they run aground, push 
before them large mounds of shingle and sand. 
It is therefore probable that they often cause great 
alterations in the arrangement of pliant and inco- 
herent strata forming the upper part of shoals or 
submerged banks, the inferior portions of the same 
remaining unmoved. 

Origin of TUl and agency of floating ice. — If 
we call to mind the descriptions given of icebergs 
by those who have explored the arctic circle, we 
shall find reason to believe that the till above al- 
luded to, with its boulders, is just such a mass as 
might be looked for wherever earth and stones 
have fallen to the bottom of the sea from melting 
ice. Thus, an account was given in the year 
1822, by Scoresby, of icebergs seen by him drift- 
ing along in latitudes 69° and 70° N., which rose 
above the surface from 100 to 200 feet, and meas- 
ured from a few yards to a mile in circumference. 
Many of them were loaded with beds of earth and 
rock, of such thickness that the weight was 
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conjectdfed to be from 50,000 to 100,000 
tons** 

A similar transportation of rocks is known to 
be in progress in the southern hemisphere. Thus 
an iceberg was encountered in 1839, in mid-ocean, 
ID the Antarctic regions, many hundred miles from 
any known land, sailing northwards, with a large 
erratic block firmly frozen into it. 

The manner in which glaciers are formed in the 
mountainous regions of high latitudes, and become 
laden with mud and stones, will be mentioned in 
the next chapter. When they reach the sea, large 
masses become detached, and float off in the shape 
of icebergs. As these glaciers, when they fail to 
reach the sea^-coast, leave at their extremity, 
wherever they melt away, a confused heap of 
unstratified rubbish, composed of mud and pieces 
of all the rocks with which they are loaded, so we 
may expect that the same kind of till may result 
from the liquefaction of icebergs in tranquil water. 
But, should the action of a current intervene at 
certain points or at certain seasons, then the mate-- 
rials will be sorted as they fall, and arranged in 
layers according to their relative weight and size. 
Hence there will be passages from till to stratified 
olay, gravely and sand, and intercalations of one 
in the other. 

It is not improbable, however, that a large 

* Voyage In 1622, p. 23!L 
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portion of the Norfolk till may have resulted from 
the melting of barrier ice ; for we find that, oo 
some coasts of the antarctic regions, innumerable 
ice islands are drifted into bays by vnnds and car- 
rents, where they remain motionless, and, for the 
most part, aground, for months or years. One of 
these icy barriers, lately observed on Enderby's 
Land, is described as being from ten to fifteen 
miles broad, and fragments of a great variety of 
rocks were collected on it. The partial melting 
of such stationary ice might give rise to a deposit 
wholly distinct from any which can be formed 
by running water alone. For the solid materials, 
some angular and others rounded, and the accom- 
panying mud, may have been derived partly from 
adjacent lands, and even in that case from the 
glaciers of many independent hydrographical ba- 
sins, and partly from points very remote, pro- 
ducing a mixture of the most heterogeneous nature. 
Of such a character is the till or boulder clay, 
not only of Norfolk and Suffolk, but also of parts 
of the counties of Essex, Cambridge, Hunting- 
don, Bedford, Hertford, and Middlesex. We 
find dispersed irregularly through it many angular 
and rounded stones, from fossiliferous rocks older 
than tlie coal, and from the Silurian and carbon- 
iferous strata, and from the lias, oolite, chalk, and 
London clay, all with their peculiar fossils, tc^ether 
with trap, syenite, mica-schist, and other igneous 



Ch. Z.] BURIED FOREST IN NORFOLK. 235 

and crystalline rocks. A fine example of this 
singular mixture may be seen almost in the sub- 
urbs of London, on the summit of Muswell Hill, 
near Highgate. Yet this deposit is partial, and 
is wanting in the Wealden district of Surrey, Kent, 
and Sussex. Perhaps it was only accumulated 
where the land was submerged during the epoch 
of floating ice ; and this suggestion recalls to our 
consideration the buried forest already adverted 
to as underlying the drift on the coast of Norfolk. 
At the time when the trees grew there must have 
been dry land over a large area, which was after- 
wards submerged, so as to allow a mass of strat- 
ified and unstratified drift, 200 feet and more in 
thickness, to be superimposed. The encroach- 
ments of the sea in recent times enable us to 
demonstrate, beyond all doubt, the fact of this 
superposition, and that the forest was not formed 
along the present coast-line. Its situation implies 
a subsidence of several hundred feet since the 
commencement of the Post-Pliocene period, after 
which there must have been an upheaval of the 
same ground ; for the forest bed of Norfolk is 
now again so high as to be exposed to view at 
many poins at low water ; and this same upward 
movement may explain why the till, which is 
conceived to have been of submarine origin, is 
now met with far inland, and on the summit 
of hills. 
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The booUer fonnadoA of the west of En^alid, 
obsenred in Laocasbire, Cheshiroi Shropshire, 
Suflbrdshire, and Worcestershire, cootabs in some 
places marine shells of recent species, rising to 
various heights, from 100 to 350 feet above the 
sea. Here the erratics have come partlj from the 
mountains of Cumberland, and partly from those 
of Scotland. 

Boulder formation of Canada. -^1 shall coo-' 
elude this chapter with remarking, that although 
the fossils of the European tertiary formations \A 
general imply the former existence of warmer 
climates than those now experienced in the same 
latitudes, yet, at the close of the Pliocene and be^ 
{inning of the Post^Pliocene periods, signs are 
not wanting in the northern hemisphere, both in 
Canada and Scotland, of the extension of an 
arctic climate further southwards than in our own 
times. Some localities in Scotland, where the 
phenomena have been observed, will be alluded 
to in the next chapter. Among those in Canada 
may be mentioned Beau port, and other points 
near Quebec, where strata of sand and clay have 
been found by Capt. Bayfield, containing an a^ 
semblage of fossil shells, which agree much more 
nearly with those now inhabiting the arctic regions 
than with the assemblage living at present in the 
Gulf of St. Lawrence. The indhriduals are in 
great abundance, but the species few, as in very 
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high latitudes ; and, what is almost equally char- 
acteristic of polar regions, the genera are almost 
as numerous as the species. It is remarkable that, 
although so few shells are now common to both 
sides of the Atlantic, these fossils are specifically 
identical, for the most part, with shells met with 
in strata at Uddevalla, and other places in Sweden 
and Norway, situated between the latitudes 58^ 
and 60® north ; those of Canada being in latitude 
47® north, or the same parallel as the mouth of 
the Loire in France. The American formation 
attains at Beauport and elsewhere a height of 200 
and 300 feet above the sea, and contains dispersed 
through the strata large boulders of granite, which 
could not have been propelled by a violent cur- 
rent, because the accompanying fragile shells are 
almost all entire. They seem, therefore, says 
Captain Bayfield, to have been dropped down from 
melting ice, like similar stones which are now 
annually deposited in the St. Lawrence.^ In that 
river the loose ice accumulates on the shoals dur- 
ing winter, at which season the water is low. The 
separate fragments are readily frozen together in 
a climate where the temperature is sometimes 30^ 
below zero, and boulders become entangled with 
them, so that in the spring, when the river rises, 
on the melting of the snow, the packs are floated 
off, frequently conveying away stones, several feet 

* Proceedings of Geol. Soc. No. 63, p. 119. 
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or even jntAs ki diameter, to great disttnees. A 
nngle block of granite, 16 feel long, bjr 10 feet 
both ttt width and height^ And wbiofa ooold not 
eontain leas than 1 500 cubic feet of stone, was m 
this way tnoved down the ri?er several hundred 
jards, during tlie late sun^y in 1837.* Heafy 
anchofs of ships, lying on the shore, have, in like 
manner, been closed in and removed. In October, 
18S6, wooden stakes were driven several feet into 
the ground, at one point on the banks of the St. 
Lawrence, at high water mark, and over them 
were piled many boulders, as large as the united 
force of six men could roll. The year after, all 
the boulders bad disappeared, and others had a^ 
rived, and the stakes had been drawn out and car*^ 
ried away by the ice. 

It is also ascertained, that ice-islands^ detached 
far to the north, perhaps in Baffin's Bay, ar# 
brought by the current, in great numbers^ down 
the coast of Labrador, every year, and are often 
carried through the straits of Bell Isle, between 
Newfoundland and the continent of America. 
These, after passing through the straits, sometimes 
float for several hundred miles to the southwest, 
up the Gulf of St. Lawrence, between the 40tb 
and rOth degrees of N. latitude. In one of these 
icebergs, heaps of boulders and gravel Were seen. 

• See a view of this and many accompanying boulders, 
Plate IV., Principles of Gteology, 6th ed. 



Ch. ^. ] BY VWKTIHQ lOE. 339 

That stQpea ar^ annually rooved by ice in the 
Balticy hat k>og been known ; and^ very recently,, 
on the shores of thns Gulf of Finland, some large 
fragments were ascertained to have beep carried 
many yards from the spot which they had prer 
viously occupied. When the fringe of ice which 
has encircled, during winter, the coast of the Gulf 
of Bothnia, and many parts of Sweden, Norway, 
and Denmark, breaks up, in spring, large ptoses, 
with small gravel and ice, all firmly frozen together 
on the beach, are floated away in detached masses. 

In the beginning of this chapter, it was stated 
that in Russia and Northern Germany the erratics 
diminish in size in proportion as they are traced 
further from their source. The same observation 
holds true in regard to the average bulk of the 
Scandinavian boulders, when we pursue them 
southwards, from the south of Norway and Swe- 
den through Denmark and Westphalia. This 
phenomenon is in perfect harmony with the theory 
of ice-islands floating in a sea of variable depth ; 
for the heavier erratics require icebergs of a larger 
size to buoy them up ; and, even when there are 
no stones frozen in, more than nine tenths of a 
mass of drift ice is under water. The greater, 
therefore, the volume of the iceberg, the sooner 
would it impinge on some shallower part of the 
sea ; while the smaller and lighter floes, laden with 
finer mud and gravel, may pass freely over the 
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8tme banks, and be carried to much greater dis- 
tances. In embracing this opinioni however, we 
aid not called upon to imagine that the northern 
sea was of small depth at the time of the trans- 
portation of large erratics, — a notion inconsistent 
with the great height at which some of them are 
found above its level. An iceberg 200 or 300 
feet high would run aground in water more than 
1000 feet deep ; and Captain Ross found this to 
be the case in Baffin's Bay, where several were 
seen stranded in water 1 500 feet deep. 
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CHAPTER XI. 

BOUI.DKK rORMATIOir CONTUrUED, AJfD LOESS OF THE 

Signs of former extension of glaciers in the Alps — Mo- 
raines — Grooved and polished surfiice of rocks — Ar- 
rangeinent of Alpine erratics on the Jura — Whether 
tranqfMHted by glaciers or floating ice — Recent trans- 
portation of erratics Grom the Andes to Chiloe — TiJX 
and erratics of Scotland — Ridges of till, sand, and 
gravel — Arctic character of fossils above the till on 
Clyde — Parts of the boulder deposit older than others — ^ 
Whether the general climate of the globe was colder 
when the Scandinavian and, Alpine drift was formed — . 
Loess of the Rhine containing land shells — Its sup- 
posed connection with the melting of the Alpine glaciers.. 

It has long been a favorite conjecture with those 
who have speculated on the origin of the boulder 
deposit, that it was produced by a violent flood, 
or great oceanic wave from the north, the course 
of the Scandinavian blocks to Russia and Ger- 
many, and those of Canada to the United States,, 
showing that they have travelled from higher to 
lower latitudes in distant parts of the northern 
hemisphere^ It is scarcely necessary to point out 
to the reader how perfectly the genera, fact above 
mentioned is in accordance with the theory ad-- 
vanced in the last chapter, that floating ice has- 
been mainly instrumental in the transport of errat- 

VOL. I. 21 
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ic8, iaasmucli as the prevailing direction, both of 
icebergs and coast ice, is from polar to temperate 
latitudes. 

The universality of large travelled fragments in 
all the countries bordering the Baltic, compared 
with their extreme rarity in those surrounding the 
Mediterranean, is another phenomenon confirma- 
tory of the same views. It is also to be remarked, 
that true erratics are wanting in the equatorial parts 
of Asia, Africa, and America ; whereas, when we 
cross the southern tropic, and reach Chili and Pat- 
agonia, we again encounter the boulder formation, 
between the latitude 41^ S. and Cape Horn, with 
precisely the same characters which it assumes in 
Europe. 

Alpine Erratics and Glaciers. — We have already 
seen that the ice of rivers, and that formed on 
coasts during winter, are very efficient as carrying 
powers ; but the larger islands of ice which rise to 
the height of 200 or 300 feet above the surface, 
and which can only float in water of great depth, 
are neither formed on coasts nor in rivers, but are 
generated in inland valleys in the form of glaciers, 
which descend to the sea, and from which large 
portions break off and are drifted away by cur- 
rents. Something, therefore, must be said in this 
place of glaciers ; and, in treating of those in 
Switzerland, we shall be led on to the discussion 
of another question of high geological interest. 
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namely, the peculiar manner in which erratics 
have been dispersed from that chain, as a centre, 
over the lower lands of Switzerland, Italy, Austria, 
and France. 

In the year 1821, M. Venetz first announced 
his opinion that the Alpine glaciers must formerly 
have extended far beyond their present limits, and 
the proofs appealed to by him in confirmation of 
this doctrine were afterwards acknowledged by M. 
Charpentier, who strengthened them by new ob- 
servations and arguments, and declared, in 1836, 
his conviction that the glaciers of the Alps must 
once have reached as far as the Jura, and have 
carried thither their moraines across the great 
valley of Switzerland. M. Agassiz, after several 
excursions in the Alps with M. Charpentier, and 
after devoting himself some years to the study of 
glaciers, published, in 1840, an admirable descrip- 
tion of them, and of the marks which attest the 
former action of great masses of ice over the 
entire surface of the Alps, and the surrounding 
country.* From his researches, and those of his 
predecessors, we learn that the glaciers which fill 
the Alpine valleys have in summer a slow down- 
ward motion, which is partly due to gravitation, 
and partly to the dilatation of the mass during the 
freezing of water infiltered into pores and rents. 

* Agassiz, Etudes sur les Glaciers, of which an excellent 
analysis has been published in English by Mr. Maclaren. 



244 LATBUL AKD nUONAL [ Oh. XI. 

The surface of the glacier is strewed over with 
gravel and stoDes detached from the surroundiog 
precipices by frost, rain, lightning, or aralanches. 
Long lines of these stones, which settle on the 
sides of the glacier, are called the lateral naoraines ; 
while that found at the lower end of the ice is 
called the terminal moraine, a mass of earth and 
boulders, which it pushes before it when advancing, 
and leaves behind it when retreating ; for when, 
in the Alps, a glacier reaches a lower and warmer 
situation, elevated about 3000 or 4000 feet above 
the sea, it melts so rapidly that, in ^ite of its 
downward movement, it can advance no further. 
Its precise limits are variable from year to year, 
and still more so from century to century ; one 
example being on record, of a recession of half a 
mile in a single year. We also learn from M. 
Venetz, that whereas, between the eleventh and 
fifteenth centuries, all the Alpine glaciers were less 
advanced than now, they began in the seventeenth 
and eighteenth centuries to push forward so as to 
cover roads formerly open, and to overwhelm for- 
ests of ancient growth. 

These oscillations enable the geologist to note 
the marks which they leave behind them as they 
retrograde, and among these the most prominent 
are the terminal moraines, or mounds of unstratified 
earth and stones, often divided by subsequent 
floods into hillocks, which cross the valley like 
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ancient earth-works, or embankments made to 
dam up the river. Some of these transverse 
barriers were formerly pointed out by Saussure 
below the glacier of the Rhone, as proving how 
far it had once transgressed its present boundaries. 
On these moraines we see many large angular 
fragments, which, having been carried along on 
the surface of the ice, have not had their edges 
worn off by friction ; but the greater number of 
the boulders, even those of large size, have been 
well rounded, not by the power of water, but by 
the mechanical force of the ice, which has pushed 
them against each other, or against the rocks flank- 
ing the valley. Others have fallen down the 
numerous fissures which intersect the glacier, 
where, being subject to the pressure of the whole 
mass of ice, they have been forced along, and 
either well rounded or ground down into sand, or 
even the finest mud, of which the moraine is 
largely constituted. 

As the terminal moraines are the most prominent 
of all the monuments left by a receding glacier, 
so are they the most liable to obliteration ; for 
violent floods or debacles are often occasioned in 
the Alps by the sudden bursting of what are called 
glacier-lakes. These temporary sheets of water 
are caused by the damming up of a river by a 
glacier which has increased during a succession of 
cold seasons, and, descending from a tributary 

21* 
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into the main valley, has crossed it from side to 
side. Od the failure of this icj barrier, the ac- 
cumulated waters are let loose, which sweep away 
and level all transverse mounds of gravel and 
loose boulders below, and spread their materials 
in confused and irregular beds over the river- 
plain. 

Another mark of the former action of glaciers, 
in situations where they exist no longer, is the 
polished, striated, or grooved surface of the rocks. 
The boulders, gravel, and sand, which lie under- 
neath the glacier and are pushed along by it, 
sometimes adhere to the ice, and as the mass 
glides slowly along at the rate of a few inches, or 
at the utmost two or three feet, per day, they 
abrade, groove, and polish the rock, and the larger 
blocks are reciprocally grooved and polished by 
the rock on their lower sides. As the forces both 
of pressure and propulsion are enormous, the sand, 
acting like emery, polishes the surface ; the peb- 
bles, like coarse gravers, scratch and furrow it ; 
and the large stones scoop out grooves in it. 

Although the surface of almost every kind of 
rock, when exposed in the open air, wastes away 
by decomposition, yet some retain for ages their 
polished and furrowed exterior ; and, if they are 
well protected by a covering of clay or turf, these 
marks of abrasion seem capable of enduring for 
ever. They have been traced in the Alps to great 
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heights above the present glaciers, and to great 
horizontal distances beyond theffai. 

There are also found, on the sides of the Swiss 
valleys, round and deep holes, with polished sides, 
such holes as waterfalls make in the solid rock, 
but in places remote from running waters, and 
where the form of the surface will not permit us 
to suppose that any cascade could ever have ex'- 
isted. Similar cavities are common in hard rocks, 
such as gneiss, in Sweden, where they are called 
giant caldronsj and are sometimes ten feet and 
more in depth ; but in the Alps and Jura they 
often pass into spoon-shaped excavations and pro- 
longed gutters. We learn from M. Agassi z that 
hollows of this form are now cut out by streams of 
water, which flow along the surface of glaciers, 
and then fall into fissures which are open to the 
bottom. Here, forming a cascade, the stream cuts 
a round cavity in the rock with the gravel and sand 
which it either finds there or carries down with it ; 
and, as it usually happens that the glacier is ad*- 
vancing, a locomotive cascade is produced, which 
converts the first circular hole into a deep 
groove. 

Another efllect of a glacier is to lodge a ring of 
stones round the summit of a conical peak which 
may happen to project through the ice. If the 
glacier is lowered greatly by melting, these circles 
of large angular fragments, which are called 
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** perched blocks,'' are left id a singalar situatioa 
Dear the top of a steep bill or piDDacle, the lower 
parts of which may be destitute of boulders* 

Alpine blocks on the Jura. — Now some or all 
the marks above enumerated, — the moraines, errat- 
ics, polished surfaces, striae, caldrons, and perched 
rocks, are observed in the Alps at great heights 
above the present glaciers, and far below their 
actual extremities, also in the great valley of 
Switzerland, fifty miles broad, and almost every- 
where on the Jura, a chain which lies to the north 
of this valley. The average height of the Jura 
is about one third that of the Alps, and is now 
entirely destitute of glaciers, yet it presents almost 
everywhere similar moraines, and the same pol- 
ished and grooved surfaces, and water-worn cav- 
ities. The erratics, moreover, which cover it, 
present a phenomenon which has astonished and 
perplexed the geologist for more than half a cen- 
tury. No conclusion can be more incontestable 
than that these angular blocks of granite, gneiss, 
and other crystalline formations, came from the 
Alps, and that they have been brought for a dis- 
tance of fifty miles and upwards across one of 
the widest and deepest valleys of the world, so 
that they are now lodged on the hills and val- 
leys of a chain composed of limestone and other 
formations, altogether distinct from those of the 
Alps. Their great size and angularity, after 



Ch. XI. ] ON THfi lURA. 249 

a journey of so many leagues, has ju^y excited 
wonder ; for hundreds of them are as large as cot- 
tages ; and one in particular, celebrated under the 
name of Pierre k Bot, rests on the side of a fail! 
about 900 feet above the lake of Neufchatd, and 
is no less than forty feet in diameter. 

Von Buch, Escher, and Studer have shown, 
from an examination of the mineral composition of 
the boulders, that those on the western Jura, near 
Neufchatel, have come from the region of Mont 
Blanc and the Valais ; those on the middle parts 
of the Jura from the Bernese Overland ; and thos6 
on the eastern Jura from the Alps of the small 
cantons, Glaris, Schwytz, Uri, and Zug. The 
blocks, therefore, of these three great districts have 
been derived from parts of the Alps nearest to 
the localities in the Jura where we now find them, 
as if they had crossed the great valley in a direc- 
tion at right angles to its length : the most western 
stream having followed the course of the Rhone, 
the central, that of the Aar, and the eastern, that 
of the two great rivers, Reuss and Limmat. The 
non-intermixture of these groups of travelled frag- 
ments, except near their confines, was always re- 
garded as most enigmatical by those who adopted 
the opinion of Saussure, that they were all whirled 
along by a rapid current of muddy water rushing 
from the Alps. 

M. Charpentier first suggested, as before men- 
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tiooed, that the Swiss glaciers once reached con- 
tinuously to the Jura, and conveyed to them these 
erratics ; but at the same time he coDceived that 
the Alps were formerly higher than now. M. 
Agassis, on the other hand, instead of introducing 
distinct and separate glaciers, imagines that the 
whole valley of Switzerland was filled with ice, 
and that one great sheet of it extended from the 
Alps to the Jura, when the two chains were of the 
same height as now relatively to each other. Such 
an hypothesis labors under this difficulty, that the 
difierence of altitude, when distributed over a 
space of fifty miles, gives a inclination of no more 
than two degrees, or far less than that of any 
known glaciers. 

In the theory which I formerly advocated in 
the Principles of Geology, and which jointly with 
Mr. Darwin I have since endeavoured to render 
more complete, it was suggested that the erratics 
may have been transferred by floating ice to the 
Jura, at the time when the greater part of that 
chain, and the whole of the Swiss valley to the 
south, was under the sea. At that period the 
Alps may have attained only half their present 
altitude, and may yet have constitued a chain as 
lofty as the Chilian Andes, which, in a latitude 
corresponding to Switzerland, now send down 
glaciers to the head of every sound, from which 
icebergs, covered with blocks of granite, are 
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floated seaward.^ Opposite thit part of Chili 
where the glaciers abound is situated the island 
of Chiloe, 100 miles in length, with a breadth 
of 30, running parallel to the continent The 
channel which separates it from the mainland 
is of considerable depth, and twenty-five miles 
broad. Parts of its surface, like the adjacent 
coast of Chili, is overspread with recent marine 
shells, showing an upheaval of the land during a 
very modern period ; and beneath these shells is a 
boulder deposit, in which Mr. Darwin found large 
travelled blocks. One group of fragments were 
of granite, which had evidently come from the 
Andes, while in another place angular blocks of 
syenite were met with. Their arrangement may 
have been due to successive crops of icebergs 
issuing from different sounds, to the heads of 
which glaciers descend from the Andes. These 
icebergs, taking their departure year after year 
from distinct points, may have been stranded re- 
peatedly, in equally distinct groups, in bays or 
creeks of Chiloe, and on islets off the coast, so as 
afterwards to appear, some on hills and others in 
valleys, when that country and the bed of the ad- 
jacent sea had been upheaved. A continuance in 
future of the elevatory movement, in the region 
of the Andes and of Chiloe, might cause the 
former chain to rival the Alps in altitude, and 
give to Chiloe a height equal to that of the Jura. 

* Darwin's Journal, p. 283. 
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The same rise might dry up the chsDoel between 
Cbiloe and die maiDlaud, so thai it would then 
represent the great valley of Switzerland. In the 
course of these changes, all parts of Chiloe and the 
btervening strait, having in their turn been a sea* 
shore, may have been polished and scratched by 
innumerable icebergs running aground and grating 
on the bottom. 

If we apply thb hypothesis to Switzerland and 
the Jura, we are by no means precluded from the 
supposition that, in proportion as the land ac- 
quired additional height, and the bed of the sea 
emerged, the Jura itself may have had its glaciers ; 
and those existing in the Alps, which had at first 
extended to the sea, may, during some part of the 
period of upheaval, have been prolonged much 
further into the valleys than now. At a later pe- 
riod, when the climate grew milder, these glaciers 
may have entirely disappeared from the Jura, and 
may have receded in the Alps to their present 
limits, leaving behind them in both districts those 
moraines which now attest the former extension of 
the ice. 

It must be confessed, that our never having yet 
discovered marine shells of Recent or PlioceoiB 
species in the great valley of Switzerland or the 
Jura presents a formidable objection to the views 
above set forth, no marine tertiary strata newer 
than the Miocene liaving yet been detected be- 
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tween the Alps and Jura ; and the shells and cor- 
als of the Miocene period implying a warmer 
climate than would seem compatible with the prev- 
alence of so much ice in Europe. 

Boulder deposit of Scotland. — On the other 
hand, daily experience teaches us to attach less and 
less importance to this kind of negative evidence in 
geology. Thus the like absence of organic re- 
mains has been remarked in the boulder formation, 
especially in the till, throughout Scotland ; the 
only exceptions being the tusks and bones of the 
mammoth, found with a few marine shells in the 
till of Ayrshire. The same remark holds good ia 
regard to the Scandinavian and Norfolk drift, al- 
though capable of preserving those fossils which, 
are washed into it from older rocks. The rarity 
or entire want of fossil remains in these cases 
may be due to one or all of the following causes r. 
First, as there are no shells in the moraines of 
glaciers, there will be none in the materials falling 
from melting icebergs ; Secondly, as the strand- 
ing of ice-islands in the bays of Iceland since 
1835 has driven away the fish for several succes- 
sive seasons, and thereby caused a famine among 
the inhabitants of the coast, so we may presume 
that a sea habitually infested with melting ice,, 
which would chill and freshen the water, might 
render the same uninhabitable by marine mol-^ 
lusca; Thirdly, parts. of the boulder formatioa 

VOL. I. 22 
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which are stratified are probably due to river- 
floods ; and the gravel aod sand brought down by 
these inundations would scarcely ever contain or- 
ganic remains, or, if so, would be too porous to 
retain them. 

When we endeaifour to account for the boulder 
deposit of Scotland, we meet with many of the 
same difficulties as in Switzerland. Thus, for 
example, north of the Tay, in Forfarshire, we may 
compare the Grampians, rising to the height of 
4000 feet ]and 'more, to the Alps ; the valley of 
Strathmore to the Pays de Vaud, and the Sidlaw 
Hills to the Jura.* On the Sidlaw Hills we find 
large angular fragments of mica-schist, from 3 
to 15 feet in diameter, at various heights; some 
ascending even to the highest summit, 1500 feet 
above the sea, and 15 miles distant from the 
nearest Grampian from which they could have 
been detached. In the large intervening vale of 
Strathmore, till, from 20 to 100 feet deep, and 
full of Grampian boulders, conceals almost every- 
where the subjacent secondary rocks. If we then 
ascend into the region of the Grampians, we find 
in every glen longitudinal and frequently trans- 
verse mounds, like the lateral and terminal mo- 
raines of Swiss glaciers. The detritus in these 
mountains has everywhere a local character, and 
as we trace it downwards it becomes more- com- 
plex in its composition, in proportion as it re- 

* See section, p. 103. 
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ceives the contribution of a greater number of 
lateral glens. 

From these and other appearances, we may 
infer the probable existence of glaciers at that 
period when erratics were dispersed from the 
Grampians as from a centre over the surrounding 
regions. But in Scotland the submergence of the 
lower country, and the cooperation of floating ice, 
seem more indispensable than in the case of Swit- 
zerland ; for the points from which the Grampian 
boulders have been conveyed are much lower, and 
those to which they have been carried equally 
remote. One fragment of mica-schist, weighing 
from 8 to 10 tons, has been pointed out by Mr. 
Maclaren as occurring at the height of 1 100 feet 
above the sea on the Pentland Hills ; the nearest 
mountain composed of this formation being 50 
miles distant.* 

In the valley of Strathmore, and other low 
grounds in Perthshire and Forfarshire, long ridges 
of till, capped with stratified sand and gravel, 
from 50 to 70 feet high, may be traced for many 
leagues, often resembling in form the lateral mo- 
raines of glaciers. As in the Norfolk drift, before 
described, the uppermost strata have been often 
bent and folded, as if by lateral pressure, while 
those below remain horizontal. Several ridges 
are sometimes seen parallel to each other; and 

* GeoL of Fife, &c^ p. 220. 
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tbey wiod like rivers, sometimes inclosiDg oval 
ind quadraogular spaces, in which are peat mosses 
aod lakes cootaining shell-marl. As these mounds, 
having a steep talus on both sides, are not con- 
fined to Highland glens, but may be foRbwed for 
great distances over level plains, they may, per- 
haps, mark the ancient course of one or more 
rivers during the glacial period, on the banks of 
which sand, pebbles, and boulders were heaped 
up during Boods, as is now observed in some of 
the rivers in the north of Russia. Thus, on the 
Dwina, 80 miles above Archangel, M. M. Mur- 
chison and De Verneuil met with a ridge of large 
angular blocks of white limestone piled up on 
the river's edge, and about 20 or 30 feet above 
the stream. Tbey ascertained that this great 
river was periodically subject to occasional ex- 
traordinary rises in the spring, and that, on those 
occasions, it bursts, and throws up upon its banks 
blocks of ice to heights of 20 or 30 feet above 
its ordinary level. In illustration of the same 
subject, Mr. Boltlingk, of Dorpat, mentions that 
when the floods subside in the rivers of Russian 
Finland, they sometimes leave large stones, which 
had been buoyed up by ice, entangled in the 
branches of fir trees, 40 feet above the ground. 
The muddy waters may also throw down layers 
of fine sediment on these same banks, and these 
may be frequently bent and forced into a vertical 
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position by the pressure of sheets of ice, as above 
explained (p. 232.) 

It was stated that the boulder deposit of Russia 
reposed on strata containing recent marine shells 
(p. 224.) ; but the till in Scotland rests imme- 
diately on the older rocks, and is covered by strat* 
ified sand and clay, which usually contain no 
fossils. At certain points, however, near the sea- 
coast, as, for example, in the estuaries of the 
Tay and Clyde, marine shells have be^n dis* 
covered in strata overlying the till. They occur 
on the Clyde at the height of 70 feet ; but the 
deposit of which they form an integral part rises 
in the same country to an elevation of several 
hundred feet. Although between 80 and 90 per 
cent, are of recent species, the remainder are un- 
known ; and even many which are recent now 
inhabit more northern seas, where we may here- 
after hope to find living representatives of some 
of the unknown fossils. From the arctic char- 
acter of this fauna, which resembles that of 
Quebec, before described, we may infer that these 
strata and the subjacent till are of higher anti- 
quity than some parts of the boulder deposit of 
northern Europe. With respect, indeed, to the 
European drift and erratics in general, it is fair to 
presume that those parts of it are the most ancient 
which lie at present in regions most remote from 
existing glaciers and icebergs. The retreat of itut 

22* 
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ice from tbe fifty-fifth to the eightieth parallel of 
latitude, or from Scotland to Spitzbergen, may well 
have becD the work of time ; and, during a period 
of considerable duration, it is consistent with geo- 
logical analogy, to look for signs of fluctuations in 
the state of the animate world. Nevertheless, it 
is probable that the action of river-ice continued 
in Scotland long after that of icebergs and glaciers 
had ceased ; we may at least infer that the ridges 
of sand and boulders, which have been described 
as inclosing the marl-lakes of Perthshire and 
Forfarshire, were referable to the Post-Pliocene 
period. For the fossils in tbe marl, whether they 
be the remains of plants, testacea, or quadrupeds, 
belong to recent species which now inhabit Scot- 
land, or which, like tbe beaver, have been exter- 
minated in historical times. These fossils are 
found to the very bollom of the deposit, and clearly 
indicate tbe fauna which began to exist the mo- 
fnent after the present conQguration of the surface 
was completed. 

Climate of the glacial period. — M. Agassiz im- 
agines that the signs of glacial action, traceable 
throughout the Alps and northern Europe, imply 
a more intense cold in the general climate of the 
globe than that now prevailing. That the cold 
was greater in certain parts of Siberia, Europe, 
and North America, will not be disputed ; but, 
before we can infer the universality of a colder 
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climate, we must ascertain what was the condition 
of other parts of the northern, and of the whole 
southern, hemisphere at the time when the Scan-* 
dinavian, British, and Alpine erratics were trans- 
ported into their present position. It must not 
be forgotten that a great deposit of drift and 
erratic blocks is now in full progress of formation 
in the southern hemisphere, in a zone correspond* 
ing in latitude to the Baltic and to Northern 
Italy, Switzerland, France, and England. Should 
the uneven bed of the southern ocean be hereafter 
converted by upheaval into land, the hills and val- 
leys will be strewed over with transported frag- 
ments, some derived from the antarctic continent, 
others from islands covered with glaciers, like S. 
Georgia, which must now be centres of the dis- 
persion of drift, although situated in a latitude 
agreeing with that of the Cumberland mountains. 

Not only are these operations going on between 
the 45th and 60th parallels of latitude south of 
the line, while the corresponding zone of Europe 
is free from ice ; but, what is still more worthy of 
remark, we find in the southern hemisphere itself, 
only 900 miles distant from South Georgia, where 
the perpetual snow reaches to the sea-beachj lands 
covered with forests, as in Terra del Fuego. There 
is here no difference of latitude to account for the 
luxuriance of vegetation in one spot, and the ab- 
solute want of it in the other ; but among other 
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refrigerating causes ifi South Greorgia may be 
eouroerated the couotless icebergs which float from 
the antarctic zone, and which chill as they melt the 
waters of the ocean, and the surrounding air, which 
they fill with dense fogs. 

I have endeavoured in the " Principles of Ge- 
ology" to point out the intimate connexion of 
climate with the state of the physical geography of 
the globe, and the dependence of the mean annual 
temperature, not only on the height of the dry land, 
but on its distribution in high or low latitudes at 
particular epochs. If, for example, at certain pe- 
riods of the past, the antarctic land was less elevated 
and less extensive than now, while that at the north 
pole was higher and more continuous, the condi- 
tions of the northern and southern hemispheres 
might have been the reverse of what we now wit- 
ness in regard to climate, although the mountains 
of Scandinavia, Scotland, and Switzerland may 
have been less elevated than at present. But, as 
it would require several chapters to do justice to 
this subject, I must refer the reader to the work 
alluded to for the theory of former vicissitudes in 
climate ; and also for an explanation of the man- 
ner in which the bones of the mammoth and rhi- 
noceros may have been buried by thousands in 
the frozen soil and drift of Siberia. 

Loess of the valley of the Rhine. — Although we 
may withhold our assent to the theory that the 
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erratic blocks of the Jura were conveyed from the 
Alps by ice moving on dry land, we must never- 
theless admit that the Alpine glaciers once extended 
far beyond their present limits ; and accordingly 
M. Agassiz has advanced the ingenious and not 
improbable conjecture that the loess of the Rhine, 
filled as it is with land and freshwater shells, may 
be referred to inundations caused by the melting 
and retreat of those great bodies of ice. This loess, 
as it is provincially termed in part of Germany, 
or ZeAm, as it is called in Alsace, consists chiefly of 
argillaceous matter combined with a sixth part of 
carbonate of lime, and a sixth of quartzose and 
micaceous sand. It is a pulverulent loam, of a 
dirty yellowish-gray color, often containing cal- 
careous sandy concretions or nodules, rarely ex- 
ceeding the size of a man's head. Its entire thick- 
ness amounts, in some places, to between 200 and 
300 feet ; yet there are often no signs of stratifi- 
cation in the mass, except here and there at the 
bottom, where there is occasionally a slight inter- 
mixture of drifted materials derived from subjacent 
rocks. 

This finely comminuted mud is very similar 
to that now formed by the grinding down of 
stones beneath the weight of the moving glaciers, 
and the loess is precisely such a compound as the 
trituration of the micaceous tertiary sand called 
" molasse" would produce ; a circumstance worthy 
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of DOlicey as we may trace the loess comiDuoiidy 
from the plains of tbe Rhine, below Cologne, up 
to tbe borders of Switzerland, ontil we enter tbe 
country occupied by tbe roolasse, whieb tbe Al- 
pine glaciers are supposed formerly to have 
reached. The deposit in question is very re- 
markable from its position, wide extent, and 
thickness, its homogeneous mineral character, and 
from its containing everywhere land and fresh- 
water shells, without any intermixture of marine 
fossils. Its distribution clearly shows, that after 
the great valley of the Rhine, from SchafTbausen to 
Bonn, had acquired its present form, having its 
bottom strewed over with coarse gravel, a period 
arrived when it became filled up from side to side 
with fine mud, which was also poured from the 
Rhine into tbe valleys of its principal tributaries. 

Thus, for example, it may be traced far into 
Wiirtemberg, up the valley of the Neckar ; and 
from Frankfort, up the valley of the Main, to 
above Dettelbach. It is also spread over the 
country of Mayence, Eppelsheim, and Worms, on 
the left bank of the Rhine, and on the opposite 
side on the table land above the Bergstrasse, be- 
tween Wiesloch and Bruchsal, where it attains a 
thickness of 200 feet. Near Strasburg, large 
masses of it are seen at the foot of the Vosges on 
the left bank, and at the base of the mountains of 
the Black Forest on the right bank. The Kaiser- 
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stuhl, a volcanic mountain which stands in the 
middle of the plain of the Rhine near Freiburg, 
has been covered almost everywhere with this 
loam, as have the extinct volcanos between Cob- 
lentz and Bonn. Near Andernach, in the Kirch- 
weg, the loess containing the usual shells alternates 
with volcanic matter; and over the whole are 
strewed layers of pumice, lapiili, and volcanic 
sand, from 10 to 15 feet thick, very much re- 
sembling the ejections under which Pompeii lies 
buried. There is no passage at this upper junc- 
tion from the loess into the pumiceous super- 
stratum ; and this last follows the slope of the 
hill, just as it would have done had it fallen in 
showers from the air on a declivity partly formed 
of loess. 

But, in general, the loess overlies all the vol- 
canic products, even those between Neuwied and 
Bonn, which have the most modern aspect ; and 
it has filled up in part the crater of the Roderberg, 
an extinct volcano near Bonn. In 1833 a well 
was sunk at the bottom of this crater, through 70 
feet of loess, in part of which were the usual cal- 
careous concretions. 

The interstratification above alluded to, of loess 
with layers of pumice and volcanic ashes, has led 
to the opinion that both during and since its de- 
position some of the last volcanic eruptions of the 
Lower Eifel have taken place. But as we must. 
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10 that casOi assign a very modern date to these 
eruptioos, this curious point deserves to be recon- 
sidered ; since it may possibly have happened that 
the waters of the Rhine, swollen by the melting 
of snow and ice, and Bowing at a great height 
through a valley choked up with loess, may have 
swept away the loose superGcial scorie and pum- 
ice of the Eifel volcanos, and spread them out oc- 
casionally over the yellow loam. Sometimes, 
also, the melting of snow on the slope of small 
volcanic cones may have given rise to local floods, 
capab e of 'sweeping down light pumice into the 
adjacent low grounds. 

The first idea which has occurred to most geolo- 
gists, after examining the loess between Mayence 
and Basle, is, to imagine that a great lake once ex- 
tended throughout the valley of the Rhine between 
those two places. Such a lake may have sent off 
large branches up the course of the Main, Neckar, 
and other tributary valleys, in all of which large 
patches of loess are now seen. The barrier of the 
lake might be placed somewhere in the narrow 
and picturesque gorge of the Rhine between 
Bingen and Bonn. But this theory is insufficient 
to explain the phenomena ; for that gorge itself 
has once been filled with loess, which must have 
been tranquilly deposited in it, as also in the 
lateral valley of the Lahn, communicating with 
the gorge. The loess has also overspread the 
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high adjoiDing platform, near the village of Plaidt 
above Andernach. Nay, on proceeding further 
down to the north, we discover that the hills 
which skirt the valley between Bonn and Cologne 
have loess on their flanks, which also covers here 
and there the gravel of the plain as far as Cologne. 

Besides these objections to the lake theory, the 
loess is met with near Basle, capping hills more 
than 1200 feet above the sea ; so that a barrier of 
land capable of separating the supposed lake from 
the ocean would require to be, at least, as high as 
the mountains called the Siebengebirge, near Bonn, 
the loftiest summit of which, the Oehlberg, is 
1209 feet above the Rhine and 1369 feet above 
the sea. It would be necessary, moreover, to place 
this lofty barrier somewhere below Cologne, or- 
precisely where the level of the land is now lowest;. 

Instead, therefore, of supposing one continuous 
lake of sufficient extent and depth to allow of the 
simultaneous accumulation of the loess, at various 
heights, throughout the whole area where it now 
occurs, I formerly suggested that, subsequently to 
the period when the countries now drained by the 
Rhine and its tributaries had nearly acquired their 
actual form and geographical features, they were 
again depressed gradually by a movement like 
that now in progress on the west coast pf Greene- 
land.* In proportion as the whole district was. 

* Princ. of Qeol. 5th and preceding editions. 
VOL. I. 23 
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lowered, tbe general fall of the waters between the 
Alps and the ocean was lessened ; and both tbe 
main and lateral valleys, becoming more subject 
to river inundations, were partially filled up with 
fluviatile silt, containing land and freshwater shells. 
When a thickness of many hundred feet of loess 
bad been thrown down slowly by this operation, 
the whole region was once more upheaved grad- 
ually. During this upward movement roost of 
tbe fine loam would be carried ojET by the denud- 
ing power of rains and rivers; and thus the ori- 
ginal valleys might have been reexcavated, and 
the country almost restored to its pristine state, 
with the exception of some masses and patches of 
loess such as still remain, and which, by their fre- 
quency and remarkable homogeneousness of com- 
position and fossils, attest the ancient continuity 
and common origin of the whole. By imagining 
these oscillations of level, we might dispense with 
the necessity of erecting and afterwards removing 
a mountain barrier almost sufficiently high to ex- 
clude the ocean from the valley of the Rhine dur- 
ing the period of the accumulation of the loess. 

But, by adopting the glacial hypothesis, we 
escape from the necessity of assuming, not only 
the removal of a barrier, but also a great subsi- 
dence, followed by a reelevation of the land, 
changes which, although consistent with the ordi- 
nary course of nature, are not as yet confirmed, 
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ia this case, by iDdependent evidence. If we ODce 
admit the former existence of large masses of ice, 
stretching from the sources of the Rhine into the 
great valley of Switzerland, we cannot doubt that 
the liquefaction of the same might have given rise 
for centuries to annual inundations, and that the 
water would be densely charged with the most 
impalpable mud, derived from the moraines of 
the retreating glaciers. The bottoms of every 
inundated valley would gradually gain in height 
by fresh accessions of the fine sediment, until its 
thickness might amount to several hundred feet. 
But a time would at length arrive when, the supply 
of mud growing less, the waters, as they abated, 
would again hollow out the larger part of the origi- 
nal valley. 

Besides the occasional proofs of successive ac- 
cumulation afforded by interstratified gravel or vol* 
canic matter, the calcareous concretions contained 
in the loess are sometimes arranged in horizontal 
layers. But the deposit exhibits for the most part 
no division into strata; and this characteristic of 
the loess must be attributed to the perfect homo- 
geneousness of the matter thrown down from time 
to time, the whole mass having originated in one 
and the same region. 

The proportion of land shells of the genera i/e- 
liXf PupOf and Bulimusj is very large in the loess ; 
but in many places aquatic species of the genera 
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lAmneay Paludina, and Planorbis are also found. 
These may have been carried away during floods 
from shallow pools and marshes bordering the 
river, and the great extent of marshy ground 
caused by the wide overflowings of rivers above 
supposed would favor the multiplication of am- 
phibious mollusks, such as the Succinea (Fig. 108.), 
which is almost everywhere characteristic of this 

Fig. 108. Fig. 109. Fig. 110. 

Sucehtea tiomgata. Papamusconm. HeUxplAeium^ 

formation, and is sometimes accompanied, as near 
Bonn, by another species *S. amphibia. (Fig. 34.) 
Among other abundant fossils are Helix plebeium 
and Pupa muscorum. (See Figures.) Both the 
terrestrial and aquatic shells preserved in the loess 
are of most fragile and delicate structure, and yet 
they are almost invariably perfect and uninjured. 
They must have been broken to pieces had they 
been swept along by a violent inundation. Even 
the color of some of the land shells, as that of 
Helix nemoralis, is occasionally preserved. 

Bones of vertebrated animals are rare in the 
loess, but those of the mammoth, horse, and some 
other quadrupeds have been met with. At the 
village of Binningen, and the hills called Bruder 
Holtz, near Basle, I found the vertebrae of fish, 
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together with the usual shells. These vertebrae, 
according to M. Agassiz, belong decidedly to the 
Shark family, perhaps to the genus Lamna. In 
explanation of their occurrence among land and 
freshwater shells, it may be stated that certain 
fish of this family ascend the Senegal, Amazon, 
and other great rivers, to the distance of several 
hundred miles from the ocean.* 

If the views above proposed respecting the origin 
of the loess be correct, we should expect to see 
analogous deposits along the course of other great 
rivers descending from the Alps; and accordingly 
such a deposit is said to occur on the banks of the 
Danube, as far as Hungary. 

All the shells in the loess of the Rhine are of 
recent European species, so that the gradual filling 
up and reexcavation of the valleys of one of the 
largest hydrographical basins of Europe, an opera- 
tion which must have consumed a long period of 
time, belongs to the modern or Post-Pliocene era ; 
and the recession of the Alpine glaciers was, con- 
sistently with the hypothesis before suggested, a 
contemporaneous event. 

* Proceedings Geo!. Soc. No. 43. p. 222. 
23* 
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CHAPTER XII. 

CLASSIFICATION OF TSRTIART FORBCATIONS. 

First discovery of tertiary strata — Detached fortnatioDs 
scattered over Europe — Strata of Paris and London — 
More modem groups — General principles of classifica- 
tion — Peculiar difficulties in determining the chronolo- 
gy of [tertiary groups — Increasing proportion of living 
qiecies of shells in strata of newer origin — Terms Eo- 
cene, Miocene, and Pliocene — Percentage of recent 
species in the tertiary formations of Great Britain — 
Changes of climate at successive periods. 

We cora« now to the consideration of a class of 
fossiiiferous formations, called "tertiary" which 
are immediately antecedent in the order of time 
to the Post-Pliocene deposits already treated of. 
The name of tertiary has been given to them, be- 
cause they are all posterior in date to the rocks 
termed " secondary," of which the chalk consti- 
tutes the newest group. 

Patches of tertiary strata, some of freshwater, 
others of marine origin, have been observed in vari- 
ous parts of Europe, their geographical extent be- 
ing usually small as compared to the secondary 
formations, and their position often suggesting the 
idea of their having been depositad in different 
bays, lakes, estuaries, or inland seas, after a large 
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portion of the European area had already been 
converted into dry land. They all agree in con- 
taining organic remains, which make upon the 
whole a nearer approach to the generic and specific 
types of the living creation, than do the fossils of 
the secondary rocks. 

The first series of tertiary deposits of which the 
characters were accurately determined, were those 
occurring in the neighbourhood of Paris, first de- 
scribed by MM. Cuvier and Brongniart. They 
were ascertained to consist of successive sets of 
strata, some of marine, others of freshwater origin 
lying one upon the other. The fossil shells and 
corals were perceived to be almost all of unknown 
species, and to have in general a near affinity to 
those now inhabiting warmer seas. The bones and 
skeletons of land animals, some of them of large 
size, and belonging to more than forty distinct spe- 
cies, were examined by Cuvier, and declared by 
him not to agree with any hitherto observed in the 
living creation. 

Strata were soon afterwards brought to light in 
the vicinity of London, and in Hampshire, which, 
although dissimilar in mineral composition were 
justly inferred by Mr. T. Webster to be of the 
same age as those of Paris, because the greater 
number of the shells were specifically identical. 
For the same reason rocks found on the Gironde, 
in the South of France, and at certain points in 
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the North of Italy, were suspected to be of cod- 
tetnporaneous origin. 

A variety of deposits were afterwards found in 
other parts of Europe, all reposing immediately 
on rocks as old, or older than the chalk, and 
which bore a general resemblance in their organic 
remains to those previously observed near Paris 
and London. An attempt was therefore made at 
first to refer the whole to one period ; and when at 
length this seemed impracticable, it was contended 
that as in the Parisian series there were many subor- 
dinate formations of considerable thickness which 
must have accumulated one after the other, dur- 
ing a great lapse of time, so the newly found 
patches of tertiary strata scattered over Europe 
might correspond in age, some of them to the 
older, and others to the newer, subdivisions of the 
Parisian series. 

This error, although almost unavoidable on the 
part of those who made the first generalizations in 
this branch of geology, retarded seriously for some 
years the progress of classification. A more scru- 
pulous attention to specific distinctions aided by a 
careful regard to the relative position of the strata 
containing them, led at length to the conviction 
that there were formations both marine and fresh- 
water of various ages, and all newer than the strata 
of Paris and London. 

One of the first steps in this chronological reform 
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was made in 1811, by an English naturalist, Mr. 
Parkinson, who pointed out the fact that certain 
shelly strata, provincially termed " Crag " in Suf- 
folk, lay decidedly over a deposit which was the 
continuation of the blue clay of London. At the 
same time he remarked that the fossil testacea in 
these newer beds were not only distinct from those 
of the blue clay, but were many of them identical 
with species now inhabiting the neighbouring sea. 

Another important discovery was soon after- 
wards made by Brocchi in Italy, who investigated 
the argillaceous and sandy deposits replete with 
shells which form a low range of hills, flanking 
the Apennines on both sides, from the plains of 
the Po to Calabria. These lower hills were called 
by him the Subapennines, and they contained in 
truth strata of very diflerent ages, comprising 
even some beds which have been termed Post- 
Pliocene in the ninth chapter, but all were newer 
than those of Paris and London. In Brocchi's 
opinion about half the species of Subapennine 
shells agreed with those now living in the sea, 
an average result obtained from the fossils of the 
various members of the series which he had blend- 
ed together. 

Another tertiary group occurring in the neigh- 
bourhood of Bordeaux and Dax, in the South of 
France, was examined by M. de Basterot in 
1825, who described and figured several hundred 
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species of shells, which differed for the most pan 
both from the Parisian series and those of the 
Subapennine hills. It was soon, therefore, sus- 
pected that this fauna might belong to a period in- 
termediate between that of the Parisian and Sub- 
apennine strata, and it was not long before the 
evidence of superposition was brought to bear in 
support of this opinion, for other strata, contempo- 
raneous with those of Bordeaux, were observed in 
one district to overlie the Parisian formation, and 
in another to underlie the Subapennine beds. An 
example of the former kind was pointed out in 
1809 by M. Desnoyers, who ascertained that the 
sand and marl of marine origin called Faluns, near 
Tours, in the basin of the Loire, rested upon a 
lacustrine formation, which constitutes the upper- 
most subdivision of the Parisian group, extending 
continuously throughout a great table land inter- 
vening between the basin of the Seine and that of 
the Loire. These overlying strata, full of sea- 
shells and corals, M. Desnoyers assimilated in 
age to the Crag of Suffolk, before mentioned.* 
The other example occurs in Piedmont, where 
strata, containing many fossils similar to those of 
Bordeaux, were observed by Bonelli and others in 
the environs of Turin, subjacent to strata belonging 
to the Subapennine group of Brocchi. 

• See chap. XIV. 
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Without pretending to give a complete sketch 
of the progress of discovery, I may refer to the 
facts above enumerated, as illustrating the course 
usually pursued by geologists when they attempt 
to found new chronological divisions. The meth- 
od bears some analogy to that pursued by the 
naturalist in the construction of genera, when he 
selects a typical species, and then classes all other 
species of animals and plants which agree with 
this standard within certain limits as congeners. 
The genera A. and C. having been founded on 
these principles, a new species is afterwards met 
with, departing widely both from A. and C, but 
in many respects of an intermediate character. 
For this new type it becomes necessary to insti- 
tute the new genus B., in which are included 
all species afterwards brought to light, which 
agree more nearly with B. than with the types of 
A. or C. In like manner a new formation is met 
with in geology, and the characters of its fossil 
fauna and flora investigated. From that moment 
it is considered as a record of a certain period of 
the earth's history, and a standard to which other 
deposits may be compared ; and if they occupy 
the same relative position, and contain the same or 
nearly the same organic remains^ they are re- 
garded in the light of contemporary annals. All 
such monuments are said to relate to one period, 
during which certain events occurred, such as the 
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formation of particular rocks by aqueous or vol- 
canic agency, or the continued existence and fos< 
silization of certain tribes of animals and plants. 
When several of these periods have had their true 
places assigned to them in a chronological series, 
others may be discovered which it may be neces- 
sary to intercalate between those first known ; and 
the difficulty of assigning clear lines of separation 
must increase in proportion as chasms in the past 
history of the globe are filled up. 

Every zoologist and botanist is aware that it is 
a comparatively easy task to establish genera in 
departments which have been enriched with only 
a small number of species, and where there is as 
yet no tendency in one set of characters to pass 
almost insensibly, by a multitude of connecting 
links, into another. They also know that the 
difficulty of classification augments, and that the 
artificial nature of their divisions becomes more 
apparent in proportion to the increased number 
of objects brought to light. But in separating 
families and genera, they have no other alternative 
than to avail themselves of such breaks as still 
remain, or of every hiatus in the chain of ani- 
mated beings which is not yet filled up. So in 
geology, we may be eventually compelled to resort 
to sections of time as arbitrary, and as purely 
conventional, as those which divide the history of 
human events into centuries. But in the present 
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State of our knowledge, it is more convenient to 
use the interruptions which still occur in the 
regular sequence of geological monuments, as 
boundary lines between our principal groups or 
periods. 

The isolated position of distinct tertiary depo- 
sits in different parts of Europe has been already 
alluded to. In addition to the difficulty presented 
by this want of continuity when we endeavour to 
settle the chronological relations of these deposits,, 
another arises from the frequent dissimilarity in 
mineral character of strata of contemporaneous 
date, such, for example, as those of London and 
Paris before mentioned. The identity or non^ 
identity of species is also a criterion which often 
fails us. For this we might have been prepared^ 
for we have already seen, that the Mediterranean 
and Red Sea, although so near each other, have 
each their peculiar fauna, and a considerable dif«^ 
ference is found in the four groups of testacea now 
living in the Baltic, English Channel, Black Sea,, 
and Mediterranean, although all these seas have 
some species in common. In like manner the 
diversity of the fossils of different tertiary forma- 
tions, which have been thrown down iti distinct 
seas, estuaries, bays, and lakes, does not always 
imply a distinctness in the times when they were 
produced, but may have arisen from climate and 
conditions of physical geography wholly inde*^ 

VOL. I. 24 
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pendent of time. On the otber hand, it is per- 
fectly clear, thai; difierent sets of teftiary strata 
immediately superimposed upon each other^ gqd- 
tain distinct imbedded species of fossils, in con* 
sequence of fluctuations which have been going 
on in the animate creation, aad by which in the 
course of ages one state of things in the organic 
world has be^n substituted fee another who% 
di3similar. It has also been shown that in pro:- 
portion as the age of a tertiary deposit is. more 
modern, so is its fauna more analogous to that 
Qow in being in the neighbouring seas. It is this 
law of a nearer agreement of the fossil testacea 
with the species now living, which may often fur* 
Qish us with a clue for the chronological arrange- 
ment of scattered deposits, where we cannot avail 
ourselves of any one of the three ordinary chrono- 
logical tests ; namely, superposition, mineral char- 
actjer, and the specific indentity of the fossils. 

Thus,, for example, op the African border of the 
Red Sea, a white calcareous formation has been 
observed, containing several hundred species of 
sbells differing from those' found in the clay and 
volcanic tuff of Ischia, near Naples. Another de- 
posit has been found at Uddevalla, in Sweden, io 
which a large portion of the shells do not agree 
with those of Ischia^ But ahbough in these 
three cases there may be scarcely a single shell 
common, to. the different formaxions, we do not 
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hesitate to refer them all to one period, (the 
Post-Pliocene,) because the species agree in every 
instance with those now living in the contiguous 
seas. In like manner, when we have discovered 
a limestone in Sicily, rising to the height of 
3000 feet, in which more than four fifths of the 
shells are the same as those of the Mediterra* 
nean, we may regard such a deposit as contem* 
poraneous with other strata on the Clyde in 
Scotland, in which all the shells, with the ex* 
ception of fifteen in a hundred, are of living 
northern species. In both these cases, the as- 
semblage of fossils exhibits a corresponding 
amount of divergence from the existing state of 
things. The advantage of the test here pointed 
out consists in supplying us with a common point 
of departure in all countries however remote ; 
and when we find, that in North America there 
are tertiary strata in which, like those of Paris 
and London, more than 95 per cent, of the fossil 
shells differ from any now living, we may pre- 
sume that these may be of nearly the same rela- 
tive antiquity. 

It must, however, be admitted, that the further 
we recede from the present times, and the smaller 
the relative number of recent as compared with 
extinct species in the tertiary deposits, the less 
confidence can we place in the exact value of 
this test, especially when comparing the strata of 
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remote regions ; for we caaDot presume that the 
rate of former alterations in the animate world, 
or the continual going out and coming in of 
species, has been everywhere equal in equal quan- 
tities of time. The form of the land and sea, 
and the climate, may have changed more in 
ons region than in another; and consequently 
there may have been a greater destruction and 
renovation of species in one part of the globe than 
elsewhere. But although these considerations 
should put us on our guard against relying too 
implicitly on the accuracy of this test, yet it can 
never fail to throw great light on the chronologi- 
cal relations of tertiary groups with each other, 
and the connexion of their fossils with the exist- 
ing state of the organic world. 

Many authors have divided the European ter- 
tiary strata into three groups, — lower, middle, and 
upper ; the lower comprising the oldest formations 
of Paris and London before-mentioned ; the mid- 
dle those of Bordeaux and Touraine; and the 
upper all those newer than the middle group. 

When engaged in 1828 in preparing ray work 
on the Principles of Geology, I conceived the 
idea of classing the whole series of tertiary strata 
in four groups, and endeavouring to find charac- 
ters for each, expressive of their difierent degrees 
of affinity to the living fauna. With this view, I 
obtained information respecting the specific iden- 
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tity of many tertiary and Tecent shells from 
several Italian naturalists, and among others from 
Professors Bonelli, Guidotti, and Costa. Having 
in 1829 become acquainted with M. Deshayes, of 
Paris, already well know by bis conchological 
works, I learnt from him that he had arrived, by 
independent researches, and by the study of a 
large collection of fossil and recent shells, at very 
similar views respecting the arrangement of ter- 
tiary formations. At my request he drew up, in 
a tabular form, lists of all the shells known to him 
to occur both in some tertiary formation and in 
a living state, for the express purpose of ascer- 
taining the proportional number of fossil species 
identical with the recent which characterized 
successive groups ; and this table was published 
by me in 1833.^ The number of tertiary fossil 
shells examined by M. Deshayes was about 3000; 
and the recent species with which they had been 
compared, about 5000. The result then arrived 
at was, that in the lower tertiary strata, or those 
of London and Paris, there were about 3^ per 
cent, of species identical with recent ; in the 
middle tertiary of the Loire and Gironde about 
17 per cent. ; and in the upper tertiary or Sub- 
apennine beds, from 35 to 50 per cent. In for- 
maUoos still nK>re modern, some of which I had 

* See PriDc. of GeoL vol. iii., Ist ed« 
24* 
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particularly stadied in Sicily, where they attain a 
▼ast thickness and elevation above the sea, the 
number of species identical with those now living 
was believed to be from 90 to 95 per cent. For 
the sake of clearness and brevity, I proposed to 
give short technical names to these four groups, or 
the periods to which they respectively belonged. 
I called the first or oldest of them Eocene, the 
second Miocene, the third Older Pliocene, and 
the last or fourth Newer Pliocene. The first of 
the above terms. Eocene, is derived from fi»g, eos, 
davm^ and xairogy cainos, reeentj because the fossil 
shells of this period contain an extremely small 
proportion of living species, which may be looked 
upon as indicating the dawn of the existing state 
•of the testaceous fauna, no recent species having 
been detected in the older or secondary rocks. 

The term Miocene (from fieiov, meion, less, and 
xairog, cainos, recent,) is intended to express a 
minor proportion of recent species ; the term Plio- 
cene (from iiUi,0Vf pjeion, more, and xaivog, cainos, 
recent^ a comparative plurality of the same. It 
may assist the memory of students to remind 
them, that the iUtocene contain a minor propor- 
tion, and PZiocene a comparative pZurality of re- 
t;ent species; and that the greater number of 
recent species always implies the more modern 
origin of the strata. 

The distribution of the fossil species from which 
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the results before mentioned were obtained in 1830 
by M. Deshayes was as follows :-— 

In the formations of the Pliocene periods, older and 

newer ------ 777 

In the Miocene - - - ' - 1021 

In the Eocene - - - - - 1338 

3096 

Since the year 1830 the progress of conchologi- 
cal science has been most rapid, and the number 
of living species obtained from different parts of 
the globe has been raised from about 5000 to 
more than 10,000. New fossil species have also 
been added to our collections in great abundance ; 
and at the same time a more copious supply of 
individuals both of fossil and recent species, some 
of which were previously very rare, have been pro- 
cured, afibrdiug more ample data for determin- 
ing the specific character. Besides the reforms 
introduced in consequence of these new zoological 
facilities, other errors of a geological nature have 
been in many instances removed. Thus, for ex- 
ample, the fossils of more than one member of the 
tertiary series occurring in the same district, had 
occasionally been confounded together, as in the 
case of the Crag of Norfolk and Suffolk, afterwards 
to be mentioned^; and these being now separated, 
the shells belonging respectively to each division 

• See chap. XIV. 
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exhibit a very dififerent relation to the existing 
fauna from the mean result previously obtained. 

Many years must be devoted to the study of 
the European tertiary formations before a com- 
plete revision can be effected in their chrono- 
logical arrangement, due regard being paid to the 
proportional number of recent species contained 
in each. It need scarcely be remarked, that nu- 
merical estimates such as those now alluded to, 
most be more vague in regions where we are 
imperfectly acquainted with the shells of the 
neighbouring sea, as in the case of the Medi- 
terranean, than where we are much further ad- 
vanced in our knowledge, as with respect to the 
testaceous fauna of the British isles. The com- 
parison, therefore, of the fossils of several of oar 
English tertiary formations with the known recent 
shells is highly interesting, and the contrast which 
is afforded by the results is sufficiently striking, as 
the following table will show. 



Pertodi. 



Post-Pliocene 

Newer Plio- 
cene 

Older Plio-> 
cene ^ 

Miocene 
Eocene 



Localities, Ae. 



Freshwater of val- 
ley of the Thames 
Marine strata near 
Glasgow 

Norwich Crag 

Suffolk, red and 
coralline Crag 

London & Hamp- / 
shire 



Percentage 
of recent. 




Number of 
Foaiili com- 
pared. 



40 
160 
111 
450 
400 
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The deposits enumerated in the above list will 
be treated of in the sequel, and I shall point out 
some of the continental groups which may agree 
in age with those of England, and others which 
may probably require to be intercalated as refer- 
able to periods intermediate in date between those 
of which we happen to possess monuments in our 
own country. 

It has long been a received opinion, that the 
more ancient the tertiary strata, the more nearly 
do the fossil testacea approach in their generic 
forms, and in the number of species, to the shells 
of warmer and tropical seas; so that in central 
and southern Europe, the climate of the Eocene 
period appears to have been nearly tropical, that 
of the Miocene sub-tropical, an opinion which is 
not only borne out by the shells, but, to a certain ex- 
tent, by the corals, reptiles, and fish. The climate 
of the Pliocene formations resembled more nearly 
that now prevailing in correspoding latitudes ; — 
but in some of the newer Pliocene and Post-Pli- 
ocene strata of the north of Europe and Canada, 
there are indications, as before observed, * of a 
fauna more arctic than that now inhabiting the 
same regions. 

* See p. 236. 



986 



CHAPTER Xm. 

ITBWKft AJTD OIJ>EK PUOCE^TK FOBMATIO^S. 

Frabwatar cfepoikiiii rwSkj of Thmmea — Comptn^nm 
loogeritj of apeeiM in the maiiifBaliA and tealaeea— 
Strata near GUagow — Madeira — Newer Piioeeoe iar- 
matiooa largely developed in Sicily — LimestODe of great 
thickneas and elevation — Alternation of marine and 
▼oleanic fbnnatioiia — Proofi of riow accumulation — 
Great geogrephica] cbangea in Sicily sinoe the Kriag 
fiuina and flora began to exiat — Older Pliocene atnta — 
Norwich Crag — Subapennine beds — Asti, Sienna, 
Rome — Oflaeoua brecciaa and cavern deposits — Sicily — 
Kirkdale — Origin of stalactite — Australian cave-brec- 
cias — Teeth of fossil quadrupeds. 

At several points in the valley of the Thames, as 
at Brentford, Ilford, Grays, and Erith, a fresh* 
water deposit occurs, consisting of horizontal strata 
of loam, sand, and gravel, from 20 to 60 feet 
thick. More than 40 species of terrestrial and 
freshwater shells derived from these and similar 
deposits on the banks of the Stour and Medway, 
appear to be identical with species now living in 
Britain, with the exception of three, namely, PalU' 
dina marginata (Fig. 102.), Unio littorcdis (Fig. 
29.), now living in the Loire, and Cyrena iri- 
gonula (Fig. 26.). The fossil last mentioned is 
abundant, and deserves notice, because the genus 
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Cyrewt is no longer European. Some concholo* 
gists, however, regard the species as^ identical with 
the Egyptian shell, C. consohrina^ now Kving in 
the Nile. 

Bones both of herbiverous and carnivoroas 
mammalia are also contained m these freshwater 
strata. The elephant, or mammoth, is particularly 
abundant, as are the ox, deer, and horse* An ex- 
tinct species of rhinoceros (see Fig. 122.), and 
hippopotamus haye been also found, and still more 
rarely the bear, hyaena, and tiger.^ 

The student has here a good exempli6cation of 
the manner in which the fossils of the more mod- 
ern formations, when traced back retrospectively, 
first begin to diverge from^ the recent type. A 
small intermixture of exotic species is recognised, 
and some doubts are entertained by the naturalist 
respecting the perfect identity of one or two fossil 
with recent species. At the same time the mam- 
malia are in part extinct, and partly identical with 
those now inhabiting the country. 

The phenomenon last mentioned and which 
was before alluded to (p. 214.), is by no means 
confined to Europe, for Mr. Darwin found at Bahia 
Blanca, in South America, lat. 39^ S. near the 
northern confines of Patagonia, fossil remains of the 
extinct mammiferous genera Megatherium, Mega- 

* MorriSj Mag. of Nat Hist. 1838, p. 539. 
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loDyXy Toxodon, aod others, associated with ma- 
rine shells, almost all of species already ascertained 
to be still living in the contiguous sea.* 

It was before hinted (p. 214.)^ that the longevity 
of species in the testacea appears by geological 
evidence to have exceeded that of the mammalia, 
the latter being probably endowed with less capacity 
for enduring those changes of climate and other 
external circumstances which take place in the 
course of ages on the earth's surface. 

The above remarks will show that the fresh- 
water formations of the basin of the Thames, if 
not referable to the Post-Pliocene period, belong 
to the close of the era immediately antecedent, 
and they afford a good illustration of the shades 
by which the newer Pliocene formations pass in- 
sensibly into others more modern, which in their 
turn blend as we have seen with those of the 
human or historical times. 

I have already alluded to certain marine strata 
overlying till near Glasgow, and at other points on 
the Clyde, in which the shells are for the most part 
British, with an intermixture of some arctic spe- 
cies, and others, about a tenth or more of the 
whole, supposed to be extinct. (See p. 267.) 
This formation may also be called Newer Pliocene. 

Madeira. — The soil and subsoil of the island 

• ZooL of Beagle, part 1. pp. 9. 111. 
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of Madeira, affords a good exemplification of a 
fossil fauna, making a slight departure from that 
now existing on the same spot, as it is filled 
for a great depth with land shells, one sixth of 
which are of extinct species, the others still living 
on the island. At one point a mass of pumice 
or volcanic tuff has been showered down on this 
deposit, or has been washed over it by a land 
flood.* 

SicUy. — In no part of Europe are the newer 
Pliocene formations seen to enter so largely into 
the structure of the earth's crust, or to rise to 
such heights above the level of the sea, as ib 
Sicily. They cover nearly half the island, and 
near its centre, at Castrogiovanni, they reach an 
elevation of 3000 feet. They consist principally 
of two divisions, the upper calcareous, the lower 
argillaceous, both of which may be seen at Syra» 
cuse, Girgenti, and Castrogiovanni. 

A great variety of shells have been found at 
Palermo in this formation, and it has been re- 
marked by Dr. Philippi, to whom we are indebted 
for the best work on the tertiary fossils of this 
island, that about one fifth of the species differ 
from those now known to exist in the Mediter- 
ranean, whereas the strata in Ischia, before alluded 
to, and others at the base of Etna and at Capo 

* J. Smith, Esq. Proceedings Gfeol. Soc No. 73. 
VOL. I. 25 
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Melazzo are more modern, the fossils egreeing 
entirely with the present Mediterranean fauna. 
As the shells from all these Sicilian beds, whether 
Post-Pliocene or older, have generally been con- 
founded together, I have no doubt that the proper^ 
tion of 95 per cent, of recent species, given me 
by M. Deshayes, in 1828, is higher than be would 
have deduced froni the fossils of the Pliocene 
beds of Sicily considered separately. 

I have lately examined with scrupulous care, 
and with the assistance of Mr. G. Sowerby, 303 
species brought from these newer Pliocene beds, 
and we found that 73 of them could not be 
identified with any living species from the Med- 
iterranean, which gives a proportion of more 
than a fifth unknown. But, on the other hand, 
it should be remarked, that only 536 recent Med- 
iterranean shells were known to Philippi, and 
Mr. Sowerby was only able to refer to 650 in the 
cabinets in London, a number which we may 
faiily presume to be part only of the existing 
fauna of the Mediterranean. For we may safely 
assume from the geographical position of this sea, 
the temperature of its waters, and the richness of 
its littoral fauna, that it is inhabited by a greater 
number of testacea than the British seas, which 
have already yielded 600 species. Thfe propor^ 
tion, therefore, of extinct or unknown fossils may 
heretkftei' be tedttced to 10 or 16 per cent., in 
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^^bicfa ii^t we may expect to find those species, 
3ucb as Buecinum prismaticum^ J?, aemistriatumf 
J^leuratoma roiataf Fusus crispusj and Mitra pit-- 
^aiula (See PI, 1. Figs. 7, 8, 9. 11, and 13,), 
vrbicb are common to Sicily and the older Sub*!- 
apennine beds of Italy, 

If, then, we feel at liberty to assume that her 
^ween 80 and 90 per cent, of the Sicilian fossil 
shells are of species still living, this conclusion will 
naturally seem astonishing to all who are accus- 
tomed in the north of Europe to see the more mod- 
ern deposits attaining an insignificant thickness, 
^nd almost always soft and incoherent in texture. 

The newer Pliocene rocks of Sicily rest imme- 
diately and in conformable stratification on second- 
ary marU and clays, some of which are celebrat- 
ed for containing gypsum, salt, and sulphur in 
abundance. These last have been shown by Hoff- 
mann tp agree nearly in age with the English 
chalk.* 

The upper or calcareous member of the newer 
Pliocene group before mentioned consists, in some 
places, of a y^Uov^ishrwhite stone, like the calcaire 
gros^ier of Paris, in others, of a rock nearly 

* See the posthumous work of Hofimann, whose excel- 
lent account of the geology of Sicily is accompanied by a 
map, which has enabled me to correct and improve that of 
the eastern half of the island, formerly given in the Princi- 
ples of Geology, and now republished, (see PL 2.) 
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as compact as marble. Its aggregate thickness 
amounts sometimes to 700 or 800 feet. It usually 
occurs in regular horizontal beds, and is occasion- 
ally intersected by deep valleys, such as those of 
Sortino and Pentalica, in which are numerous 
caverns. The fossils are in every stage of pres- 
ervation, from shells retaining portions of their 
animal matter and color, to others which are 
mere casts. 

The limestone passes downwards into a sand- 
stone and conglomerate, below which is clay and 
blue marl, like that of the Subapennine hills, 
from which perfect shells and corals may be disen- 
gaged. The clay sometimes alternates with yellow 
sand. 

In the annexed map it will be seen, that south 
of the plain of Catania is a region in which the 
tertiary beds are intermixed with volcanic matter, 
which has been for the most part the product of 
submarine eruptions. It appears that, while the 
clay, sand, and yellow limestone before mentioned, 
were in course of deposition at the bottom of the 
sea, volcanos burst out beneath the waters, like 
that of Graham island, in 1831, and these explo- 
sions recurred again and again at distant intervals 
of time. Volcanic ashes and sand were showered 
down and spread by the waves and currents so as 
to form strata of tuff, which are found intercalated 
between beds of limestone and clay containing 
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marine shells, the thickness of the whole mass ex- 
ceeding 2000 feet. The fissures tbroagb which 
the lava ro^e may be seen in many places forming 
what are called dikesj which will be described in 
th^ next volume. 

In part of the region above alluded to, as, for 
example, pear Lentini, a conglomerate occurs in 
which I observed many pebbles of volcanic rocks 
covered by full-grown serpula* We may explain 
the origin of these by supposing that there were 
some small volcanic islands which may have been 
destroyed from time to time by the waves, a^ 
Graham Island has been swept away since 1831. 
The rounded blocks and pebbles of solid volcanic 
matter, after being rolled for a time on the beach 
of such temporary islands, were carried at length 
into some tranquil part of the sea, where they lay 
for years, while the marine $erpul€S adhered to 
them, their shells growing and covering their sur- 
face, as they are seen adhering to the shell fig- 
ured in p. 48. Finally, the bed of pebbles was 
itself covered with strata of shelly limestone. At 
Vizzini, a town not many mile^ distant to the 
S. W. (see Map), I remarked another striking 
proof of the gradual manner in which these mod- 
ern rocks were formed, and the long intervals of 
time which elapsed between the pouring put of 
distinct sheets of lava. A bed of oysters no less 
than twenty feet in thickness rests upon a current 

23* 
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of basaltic lava. The oysters are perfectly identi- 
fiable with our common eatable species. Upon 
the oyster bed, again, is superimposed a second 
mass of lava, together with tuff or peperino. In 
the midst of the same alternating igneous and aque- 
ous formations is seen near Galieri, not far from 
Vizzini, a horizontal bed, about a foot and a half 
in thickness, composed entirely of a common Med- 
iterranean coral {Caryophyllia cespitosa^ Lam.). 
These corals stand erect as they grew ; and, after 
being traced for hundreds of yards, are again found 
at a corresponding height on the opposite side of 
the valley. 

Fig. 111. 






CaryophyUia eespUosaf Lam. (CUubeora eespUoaa^ Eta,) 

«a. Stem with young stem growing from iti side, 
a*. Young stem of same twice magnified. 

b. Portion of branch, twice magnified, with the base of a lateral 
branch ; the exterior ridges of the main branch appearing through 
the lamellae of the lateral one. 

c. Transverse section of same, proving, by the integrity of the 
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main branch, that the lateral one did not originate in a subdivif- 
ion of the animal. 

d, A branch, having at its bate another lateraUy united to it, and 
two young coralf at its upper part. 

e. A main branch, with a full grown lateral one. 
/. A perfect terminal star. 

The corals are usually branched, but not by the 
division of the animal as some have supposed, but 
by the attachment of young individuals to the sides 
of the older ones, and we must understand this 
mode of increase, in order to appreciate the time 
which was required for the building up of the 
whole bed of coral during the growth of many suc- 
cessive generations.* 

Among other fossil shells met with in these 
Sicilian strata, and which still continue to abound 
in the Mediterranean, I may mention Turbo rugo- 
siu^ TornaieUa fasdaia^ and other species figured 
in PI. 1 . (See Figs. 1 . 3, 4, 5, 6, 7. 1 3, and 14.); 
but no shell is more conspicuous, from its size 
and frequent occurrence, than the great scallop, 
Pecten Jacobaus (see Fig. 112.), now so common 
in the neighbouring seas. We see this shell in the 
calcareous beds at Palermo in great numbers, in 
the limestone at Girgenti, and in that which alter- 
nates with volcanic rocks in the country between 
Syracuse and Vizzini, often at great heights above 
the sea. <^ 

* I am indebted to Mr. Lonsdale for the details above 
given respecting the structure of this coral. 
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The more we reflect on ihe prepondefsting 
number of these recent shells, the more we are 
surprised at the great thickness, solidity, and ele- 
vation of the rocky masses in which they are en- 
tombed, and the vast amount of geographical 
change which has taken place since their origin. 
It must be remembered that, before they began to 
rise above the waters, the uppermost strata of the 
whole must have been thrown down. In order, 
therefore, to form a just conception of their anti- 
quity, we must first examine singly the innumer- 
able minute parts of which the whole is made up, 
the successive beds of shells, corals, volcanic ashes, 
conglomerates, and sheets of lava ; and we must 
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afterwards contemplate the time required for the 
gradual upheaval of the rocks, and the excavation 
of the valleys. As yet, the historical period seems 
scarcely to form an appreciable unit in the com- 
putation, for we find ancient Greek temples, like 
those of Girgenti (Agrigentum), built of the mod- 
ern limestone of which we are speaking, and rest- 
ing OQ a hill composed of the same ; the site hav- 
ing remained to all appearance unaltered since the 
Greeks first colonized the island. 

The modem geological date of the rocks in this 
region leads to another singular and unexpected 
conclusion, namely, that the fauna and flora of a 
large part of Sicily, are of higher antiquity than 
the country itself, having not only flourished before 
the lands were raised from the deep; but even 
before their materials were brought together be- 
neath the waters. The chain of reasoning which 
conducts us to this opinion may be stated in a few 
words. The larger part of the island has been 
converted from sea into land since the Mediter- 
ranean was peopled with nearly all the living 
species of testacea and zoophytes. We may there- 
fore presume that, before this region emerged, the 
same land and river shells, and almost all the 
same animals and plants, were in existence which 
now people Sicily ; for the terrestrial fauna and 
flora of this island are precisely the same as that 
of other lands surrounding the Mediterranean. 
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There appear to be no peculiar or indigenoua 
species, and those which are now established thera 
must be supposed to have migrated from pre^ 
existing lands, just as the plants and animals of the 
Neapolitan territory have colonised Monte Nuovo, 
since that volcanic cone was thrown up in the six-* 
teenth century. 

Such conclusions throw a new light on the 
adaptation of the attributes and migratory habits 
of animals and plants to the changes which are 
unceasingly in progress in the physical geography 
of the globe. It is clear that the duration of spe-* 
cies is so great, that they are destined to oudive 
many important revolutions in the configuration 
of the earth's surface ; and hence those innumer^p 
able contrivances for enabling the subjects of the 
animal and vegetable creation to extend their 
range ; the inhabitants of the land being often car- 
ried across the ocean, and the aquatic tribes over 
great continental spaces. It is obviously expe- 
dient that the terrestrial and fluviatile species 
should not only be fitted for the rivers, valleys, 
plains, and mountains which exist at the era of 
their creation, but for others that are destined to 
be formed before the species shall become extinct; 
and, in like manner, the marine species are not 
only made for the deep and shallow regions of the 
ocean existing at the time when they are called 
into being, but for tracts that may be submerged 
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or variouily altered in depth duriog ths time that 
ie allotted for ihoir continuance on the globe> 

Older Pliocene Mtrata — JVonncft Crag. — We 
must now endeavour to carry our retrospect one 
step further, and treat of the era immediately an- 
tecedent to that last considered. Recent inresti- 
gatioDS have ^towo that the deposits proTiocially 
termed Crag in Norfolk and SuSblic, all of which 
were formerly confounded together, and referred 
to (me period, may be subdivided into two very 
distinct groups. The oldest of these, comprinng 
the Red and Coralline crag of Sufiblk, will be de- 
scribed I in the next chapter ; the newest is that 
well seen in ihe neighbourhood of Norwich, as also 
at Soulhwold, in Sufiblk. The shelly beds of sand 
and loatn^ sometimes forty feet thick, which there 
rest upoa the ohttik, were evidently accumulated 
where one or more rivers entered the sea. In this 
fluvio-mariae formation, about twenty species of 
land and freshwater shells, and about ninety ma- 
rine species, bave been obtained. As in this num- 
ber the proportion now known as liviag does oot 
Fig. 113. rig. 114. 
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exceed the ratio of 60 per ceot, the strata may be 
classed as Older Pliocene. Among the more 
common of the extinct testacea of these beds are 
JWicuZa Cobboldia (Fig. 113.) and Tellina obli- 
qua (Fig. 114.) JVatica hdicoides (Fig. 115.) is 
Fig. 116. an example of a species, formerly 
known only as fossil, but which has re- 
cently been found living in our seas.* 
The echinodermata and fish of this de- 
posit have none of them been hitherto 
^^^^oiSa^' identified with living species ; but this 
may in some degree be owing to the comparatively 
small progress made as yet in our knowledge of 
these departments of the British submarine fauna. 
Bones of mammalia are frequently met with, 
and among them is the Mastodon loftgirostris 
(Fig. 121.), as determined by Mr. Owen from a 
specimen of the upper jaw found by J. B. Wig- 
ham, Esq. in 1838, at Postwick, near Norwich. 
In the same formation occur bones of the elephant, 
horse, pig, deer, and the jaws and teeth of field 
mice. (Fig. 132.) The femur of a seal, appar- 
ently distinct from ' any British species, has also 
been recognised by Mr. Owen. 

Strata containing the same shells as those near 
Norwich have been found by Mr. Bean, at Brid- 
lington, in Yorkshire. 

* See PhiL Mag. No. 104., May, 1840., p. 365. 
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Subapennine strata. — The Apennines, it is well 
known, are composed chiefly of secondary rocks, 
forming a chain which branches oflT from the 
Ligurian Alps and passes down the middle of the 
Italian peninsula. At the foot of these moun- 
tains, on the side both of the Adriatic and the 
Mediterranean, are found a series of tertiary strata, 
which form, for the most part, a line of low hilts 
occupying the space between the older chain and 
the sea. Brocchi, as we have seen (p. 273.), was 
the first Italian geologist who described this newer 
group in detail, giving it the name of the Subapen- 
nines ; and he classed all the tertiary strata of Ita* 
ly, from Piedmont to Calabria, as parts of the same 
system. Certain mineral characters, he observed, 
were common to the whole ; for the strata consist 
generally of light brown or blue marl, covered by 
yellow calcareous sand and gravel. There are 
also, he added, some species of fossil shells which 
are found in these deposits throughout the whole of 
Italy. 

We have now, however, satisfactory evidence 
that the Subapennine beds of Brocchi belong, at 
least, to three periods. To the Miocene we can 
refer a portion of the strata of Piedmont, those of 
the hill of the Superga, for example, and those of 
freshwater origin in the Upper Val d'Amo ; ta 
the Older Pliocene part of the strata of northern 
Italy, of Tuscany, and of Rome ; while the tufa-- 

VOL. I. 26 
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ceous formatioDs of Naples, of. Ischia, and the 
calcareous strata of Otranto, are referable to the 
Newer Pliocene, and in great part to the Post- 
Pliocene period. 

That there is a considerable correspondence in 
the mineral composition of these different Italian 
groups is undeniable ; but not that exact resem- 
blance which should lead us to assume a precise 
identity of age, unless the fossil remains agreed 
very closely. It is now indispensable that a new 
scrutiny should be made in each particular dis- 
trict, of the fossils derived from the upper and 
lower beds, — especially such localities as Asd 
and Parma, where the formation attains a great 
thickness. From these places I possess about 
200 species of shells, procured indiscriminately 
from the higher and inferior strata, and find the 
recent species to be in the proportion of at least 
one third. At Sienna the shells of the incumbent 
yellow sand are generally believed to approach 
much more nearly, as a whole, to the recent fauna 
of the Mediterranean than those in the subjacent 
blue marl. 

The grayish brown or blue marl of the Sub- 
apennine formation is very aluminous, and usually 
contains much calcareous matter and scales of 
mica. Near Parma it attains a thickness of 2000 
feet, and is charged throughout with marine 
shells, some of which lived in deep, others in 
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shallow water, while a few belong to fresh water 
genera, and must have been washed in by rivers. 
Among these last I have seen the common Limnea 
palustris in the blue marl, filled with small marine 
shells. The wood and leaves, which occasion- 
ally form beds of lignite in the same deposit, may 
have been carried into the sea by similar causes. 
The shells, in general, are soft when first taken 
from the marl, but they become hard when dried. 
The superficial enamel is often well preserved, 
and many shells retain their pearly lustre, part 
of their external color, and even the liga- 
ment which unites the valves. No shells are 
more usually perfect than the microscopic forami- 
nifera, which abound near Sienna, where more 
than a thousand full-grown individuals may be 
sometimes poured out of the interior of a single 
univalve of moderate dimensions. 

The other member of the Subapennine group, 
the yellow sand and conglomerate, constitutes, 
in most places, a border formation near the 
junction of the tertiary and secondary rocks. 
In some cases, as near the town of Sienna, we 
see sand and calcareous gravel resting imme- 
diately on the Apennine limestone, without 
the intervention of any blue marl. Alterna- 
tions are there seen of beds containing fluviatile 
shells, with others filled exclusively with marine 
species ; and I observed oysters attached to many 



304 OLDSB puocsmL [Oh.xni- 

limestone pebbles. This appears to have been a 
point where a river, flowing from the Apennines, 
entered the sea when the tertiary strata were 
formed. 

The sand passes in some districts into a cal- 
careous sandstone, as at San Viguone. Its general 
superposition to the marl, even in parts of Italy 
and Sicily where the date of its origin is very 
distinct, may be explained if we consider that it 
may represent the deltas of rivers and torrents, 
which gained upon the bed of the sea where blue 
marl had previously been deposited. The latter, 
being composed of the finer and more transport- 
able mud, would be conveyed to a distance, and 
first occupy the bottom, over which sand and 
pebbles would afterwards be spread, in proportion 
as rivers pushed their deltas further outwards. 
In some large tracts of yellow sand it is impossible 
to detect a single fossil, while in other places they 
occur in profusion. Occasionally the shells are 
silicified, as at San Vitale, near Parma, from 
whence I saw two individuals of recent species, 
one freshwater and the other marine (^LAmnea pa* 
lusirisj and Cytherea concentricay Lam.), both 
perfectly converted into flint.* 

Rome. — The seven hills of Rome are composed 

* For figures of some of the common Subapennine 
shells, see PL 1. 
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partly of marine tertiary strata, as those of Monte 
Mario, for example, of the Older Pliocene period, 
and partly of superimposed volcanic tuff, on the 
top of which are usually cappings of a fluviatile 
and lacustrine deposit. Thus, on Mount Aven- 
tine, the Vatican, and the Capitol, we find beds 
of calcareous tufa with incrusted reeds, and recent 
terrestrial shells, at the height of about 200 feet 
above the alluvial plain of the Tiber. The tusk 
of the mammoth has been procured from this 
formation, but the shells appear to be all of living 
species, and must have been imbedded when the 
summit of the Capitol was a marsh, and constituted 
one of the lowest hollows of the country as it then 
existed. It is not without interest that we thus 
discover the extremely recent date of a geological 
event which preceded an historical era so remote 
as the building of Rome. 



OSSEOUS BRECCIAS AND DEPOSITS IN CAVES OF 

THE PLIOCENE PERIOD. 

Sidly. — Caverns filled with marine breccias, at 
the base of ancient sea cliffs, have been already 
mentioned in the sixth chapter ; and it was no- 
ticed, respecting the cave of San Ciro, near 
Palermo, that above a bed of sand filled with sea- 
shells, almost all of recent species, was a breccia, 
composed of fragments of calcareous rock, and 

26* 
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the bones of aoimals. (P. 1 52.) In the sand at 
the bottom of that cave. Dr. Philippi found about 
forty-five marine shells, all clearly identical with 
recent species, except two or three. The bones 
in the incumbent breccia are chiefly those of the 
mammoth (£. primigeniut), with some belonging 
to an hippopotamus, distinct from the recent spe- 
cies, and smaller than that usually found fossil. 
(See Fig. 1 23.) Several species of deer, also, and, 
according to some accounts, the remains of a bear, 
were discovered. These mammalia are probably 
referable to the Post-Pliocene period. 

That the tertiary limestone of the south of 
Sicily is sometimes full of caverns has been al- 
ready mentioned ; and the student will at once 
perceive, that all the quadrupeds of which the 
remains are found in the stalactite of these caverns, 
being of later origin than the rocks, must be re- 




o. Alluvium. C con taming the remains of quadrapeds 

b, b. Deposits in cavea, < for the most part extinct. 
C. Limestone, containing the remains of shells of which above 80 
per eeot. are recent. 



Cb. Xm. ] KIRKBALE CAVE. 307 

ferable to the close of the tertiary epoch, if not of 
still later date. The situation of one of these 
caves, in the valley of Sortino, is represented in 
the annexed section. 

England. — In a cave at Kirkdale, about twenty- 
five miles N. N. E. of York, the remains of about 
300 hysnas, belonging to individuals of every 

* 

age, have been detected ; and Dr. Buckland, 
after carefully examining the spot, has shown that 
the hyaenas lived there ; a fact attested by the 
quantity of their dung, which, as is the case of the 
living hysna, is of nearly the same composition as 
bone, and almost as durable. In the cave were 
found the remains of the ox, young elephant, 
hippopotamus, rhinoceros, horse, bear, wolf, hare, 
water-rat, and several birds. AH the bones have 
the appearance of having been broken and gnawed 
by the teeth of the hyaenas; and they occur con- 
fusedly mixed in loam or mud, or dispersed 
through a crust of stalagmite which covers it. 
In these and many other cases it is supposed 
that portions of herbivorous quadrupeds have 
been dragged into caverns by beasts of prey, and 
have served as their food, an opinion quite con- 
sistent with the known habits of the living 
hyaena. 

Other examples occur of fissures into which 
animals have fallen from time to time, or have 
been washed in from above, together with al- 
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luvial matter and fragments of rock detached by 
frost, forming a mass which may be united 
into a bony breccia by stalagmitic infiltrations. 
Frequently we discover a long suite of caverns 
connected by narrow and irregular galleries, 
which hold a tortuous course through the in- 
terior of mountains, and seem to have served as 
the subterranean channels of springs and en- 
gulphed rivers. Many streams in the Morea are 
now carrying bones, pebbles, and mud into 
underground passages of this kind.^ If, at some 
future period, the form of this country should be 
wholly altered by subterranean movements and 
new valleys shaped out by denudation, many 
portions of the former channels of these engulphed 
streams may communicate with the surface, and 
become the dens of wild beasts, or the recesses to 
which quadrupeds retreat to die. Certain caves of 
France, Germany, and Belgium, may have passed 
successively through these different conditions, and 
in their last state may have remained open to the 
day for several tertiary periods. It is neverthe- 
less remarkable, that in Europe the fossil remains 
of mammalia belong almost exclusively to those of 
the Pliocene or Post-Pliocene periods, and not 
to the Miocene or Eocene epochs, and when 

* See Principles of Geology. 
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they are accompanied by land or river shells, 
these agree in great part, or entirely, with recent 
species. 

As the preservation of the fossil bones is due to 
a slow and constant supply of stalactite, brought 
into the caverns by water dropping from the 
roof, the source and origin of this deposit has 
been a subject of curious inquiry. The following 
explanation of the phenomenon has been recently 
suggested by the eminent chemist Liebig. On the 
surface of Franconia, where the limestone abounds 
in caverns, is a fertile soil, in which vegetable 
matter is continually decaying. This mould or 
humus, being acted on by moisture and air, 
evolves carbonic acid which is dissolved by rain. 
The rain water, thus impregnated, permeates the 
porous limestone, dissolves a portion of it, and 
afterwards, when the excess of carbonic acid 
evaporates in the caverns, parts with the calca- 
reous matter, and forms stalactite. 

Atuiralian cave-lreccias. — Ossiferous breccias 
are not confined to Europe, but occur in all parts 
of the globe ; and those lately discovered in fis- 
sures and caverns in Australia correspond closely 
in character with what has been called the bony 
breccia of the Mediterranean, in which the frag- 
ments of bone and rock are firmly bound together 
by a red ochreous cement. 
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Some of these cares have been examined by 
Sir. T. Mitchell, in the Wellington Valley, about 
210 miles west of Sydney, on the river Bell, one 
of the principal sources of the Macquarie, and 
on the Macquarie itself. The caverns often 
branch off in different directions through the 
rock, widening and contracting their dimensions, 
and the roofs and floors are covered with stalactite. 
The bones are often broken, but do not seem to 
be water-worn. In some places they lie imbedded 
in loose earth, but they are usually included in a 
breccia. 

The remains found most abundantly are those 
of the kangaroo, of which there are four species, 
besides which the genera Hypsiprymnus, Phakm" 
gistOj PhitscohmySf and Dasyurusj occur. There 
are also bones, formerly conjectured by some 
osteologists to belong to the hippopotamus, and 
by others to the dugong, but which are now re- 
ferred by Mr. Owen to a marsupial genus, allied 
to the WomhaU 

In the fossils above enumerated, several spe- 
cies are larger than the largest living ones of 
the same genera now known in Australia. 
The annexed figure of the right side of a 
lower jaw of a kangaroo {Macropus atlas^ Owen) 
will at once be seen to exceed in magnitude 
the corresponding part of the largest living kan- 
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garoo, which is represented in Fig. 118. In both 
these specimens part of the substance of the jaw 




Lous' Jnr of InsMt Urine apcdea of kufmo. 



has been broken open, so as to show the per- 
manent false molar (a, Fig. 1 1 ?.} concealed in the 
socket. From the fact of this molar not baviog 
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been cut, we learn that the individual was jouDg, 
and bad DOt shed its first teeth. Id Fig. 119. a 
froDt tooth of the same species of Kangaroo is 
represented. The discovery of Mr. Owen, that 
Pig. 119. all these extinct quadrupeds of Aus- 
tralia belong to the marsupial familfi 
or, in other words, that they are re- 
1 ferable to the same peculiar type of 
organization which now disiingui^es 
the Australian mammalia from other 
' pans of the globe, is full of interest, 
because we find, in like manner, that 
in those regions of South America 
to which the families of the Arma- 
dillo, Llama, and Capybara, are now 
con6ned, there are extinct species of the same 
families in a fossil state, facts which point to a gen- 
eral law of relationship between the recent mam- 
miferous fauna and that of the periods immediately 
antecedent. 

Whether the breccias, above alluded to, of the 
Wellington Valley, appertain strictly to the Plio- 
cene period cannot be affirmed with certainty, un- 
til we are more thoroughly acquainted with the 
recent quadrupeds of the same district, and until 
we learn what species of fossil land shells, if any, 
are buried in the deposits of the same caves. 

To those who have never studied comparative 
anatomy it may seem scarcely credible, that a 
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single bone taken from any part of the skeleton 
ma; enable a skilful osteologist to distioguish, in 
many cases the genus, and sometimes the species, 
of quadruped to which it belonged. Although 
few geologists can aspire to such knowledge, which 
must be the result of long practice and study, they 
will nevertheless derire great adranUge from 
learning what is cotpparatively an easy task, to dis- 
tinguish the principal dirisions of the mammalia by 
the forms and characters of tbeir teeth. The an- 
nexed figures, all taken from original specimens, 
may be useful in assisting the student to recognise 
the teeth of many genera most frequently found, 
fossil in Europe : — 
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Mt, opper i*w ; (TindLni iart$e«, Mti. aiia. (Be* p. aOCI ) 
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Fig. 125. Rhinocerof ; fmiil from freihwater beda of Qnj; Et- 

sei (aee p. SIT?.) ; penultimate molar, 1dw« jaw, left aide ; 

two tbicdi of oat. aiie. 
Fig. K3. Hippopotamus } ftvm oave near Palermo. (S«a p. 966.); 

molar tooth } two Chirda of oat. liie. 
Fig. 134. Sua lero/a, Lin. (common pig); from shell marl, Forfsr. 

■hire ; posterior molar, lower jaw } ut. sin. 




Fig. lU. B^mu eoMbu, Lin. ((tomnoB hon«)j from the sbell- 
nuri, Forf^hira ; Beeood molir, lower J4ir. 
a. grinding rarTice, two thirda uL liia. 







a AOi. 



Fig. 137. Elk(C«reuab«,Lia.); recent; molar of npper jaw. 
0. grindlDg ■mtkca. b. rida Tiew ; two thirdi 

Fig. Its. Oi, commOD, flrom •betl-marl, Forfknhire; true tnolir 
upper j&wj two third* oat. >iia. 
c. giioding aniftee. if. Hde tIow. 
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Fig. m. a.iBcaoro(btti(Urnitipdiau)iRomcMYanen'Ln^ 

£. molir oT left lids, uppsrjnr; one third of nst.iiie. 
Fig. 130. c. inciior of tiger [Ftlit Ugrit) ; racent. 

d. outaide of poitertor molir, lower jsw| oh tbird of 
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Strata of Suffolk termed crag — Distinction of red and 
coralline crag — Fossils, and proportion of recent spe- 
cies — Inferences as to cliniate — Faluns of Toondne 
-^Shells and oonls — Comparison of the Faluns and 
the Suffi>lk crag — Whether contemporaneous — Mio- 
cene strata of Bordeaux, Switzerland, Lisbon, Styria, 
Mayence, and the Val d'Arno. 

The Miocene formations, corresponding for the 
most part with those named ^^ middle tertia- 
ry," will next claim our attention. Among 
the strata referred to this division in the 12th 
chapter, those of Touraine in France, and SuS^k 
in England, were particularly mentioned ; for, 
aMiough there is a considerable difference in the 
fossils of these two groups, there is strong ground 
for suspecting that thejr were fiearty contempo- 
raoeoas. 

The tertiary strata of Suffolk, to which the 
povincial name of ** crag " has been given) 
are confined chiefly to the eastern part of that 
country, and may be divided into two masses, the 
upper of which has been termed the Red, and 

27* 



318 MiocBNB (ErnuT^. [Ck xnr* 

the lower the Coralline Crag.* The upper de- 
posit consists chiefly of quartzose sand, with oc- 
casional intermixture of shells, for the most part 
rolled, and sometimes comminuted. The lower 
or Coralline crag is of very limited extent, rang- 
ing over an area about twenty miles in length, 
and three or four in breadth, between the rivers 
Aide and Stour. It is generally calcareous and 
marly, — a mass of shells and small corals, passing 
occasionally into a soft building-stone. At Sud- 
fiourn, near Orford, where it assumes this char- 
acter, are large quarries, in which the bottom of 
it has not been reached at the depth of fifty feet. 
At some places in the neighbourhood, the softer 
mass is divided by thin flags of hard limestone, 
■and corals placed in the upright position in which 
they grew. 

The Red crag is distinguished by the deep fer- 
TUginous or ochreous color of its sands and 
fossils, the coralline by its white color. Both 
formations are of moderate thickness; the red 
•crag rarely exceeding forty, and the coralline 
seldom amounting to twenty, feet. But their 
importance is not to be estimated by the density 
^f the mass of strata, or its geographical extent, 
Jbut by the extraordinary richness of its organic 

* See paper by E. Charlesworth, Esq. ; London and 
Ed. Phil. Mag. No. zxxviii. p. 81., Aug. 1835. 
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remains, belonging to a very peculiar type, wbieb 
seems to characterize tbe state of the living crea- 
tion in the north of Europe during the last part of 
tbe Miocene era. 

For a large collection of the fish, echinodermata, 
shells, and corals of the deposits in Suffolk, we 
are indebted to the labors of Mr. Searles Wood. 
Of testacea alone he has obtained about 230 species 
from the Red, and 345 from the Coralline crag, 
about 150 being common to each. The proportion 
of recent species in the newer group has been found 
to be about 30 per cent., and that in the older or 
coralline, about 20. Whenever the two divisions 
are met with in the same district, the red crag 
lies uppermost ; and, in some cases, as in the sec- 
tion represented in Fig. 133, it is observed that 



Fig. 133. 

Shottitham 
Cnck. 



Section near Ipsvriehf in St^lk. 
a. Red crag. b. Coralline crag. c. London clay. 

the older or coralline mass b had suffered de- 
nudation before tbe newer formation a was thrown 
down upon it. At D there is not only a distinct 
cliff, eight or ten feet high, of coralline crag, run- 
ning in a direction N. E. and S. W., against which 
the red crag abuts with its horizontal layers ; but 
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tbis cliff occasBOBiUy tnrerhanss. The rock com* 
posing it 18 drilled erer^where bf Ph»lade8f the 
holes which they perfiirmted havkg been after* 
wards filled and covered over when the newer 
sandy beds were thrown down. Such a cliff may 
have been caused by subnarine denudation, b a 
shallow sea ; and, had the red erag been equrify 
solid, it would probably hav>e presented many 
similar perpendicular cliffs; for beds, ten or twelve 
feet thick, of loam or sand, in this formation, are 
often seen to be onconibrmable to older beds, 
which have been io part cut eway. The layers of 
sand in this upper or Red erag often resemble those 
of a shifting sand bank ; for they are inclined di^ 
agonally, and the planes of stratificaidoa are some- 
times directed in the same quarry to the four car^ 
dinal points of the compass, as at Butley. That 
here, and in many other localities, this structure has 
not been due to any subsequent rearrangement of 
particles, is proved by each bed being made up of 
fiat pieces of shell which lie parallel to the planes 
of the smaller strata. 

Some fossils, which are very abundant in the 
Red crag, have never been found in the white or 
Coralline division; as, for example, the Fusut 
eantrarius (Fig. 134.), and several species of 
Bucdnum or J^assa^ and Mtartx. (See Figs. 135, 
136.), which two genera seem never to have been 
discovered in the lower crag. 




Fig. 13^ hdf DaL *in ; the othen oat. liie. 



Among the bones and teeth of fishes are those 
of large sharks {Carchariai), and a gigantic skate 
of the extinct genus Myltobates, and many other 
forms, some common to our seas, and many for- 
eign to them. 

The distinctness of the fossils of the Coralline 
crag arises, doubtless, in part from higher anti- 
quity, hut in some degree, also, from a difference 
ill the geographical conditions of the submarine 
bottom. The proHGc growth of corals, echini, 
and a prodigious variety of lestacea, implies a 
region of deep and tranquil water ; whereas, the 
red crag may have been formed afterwards on the 
same spot, when the water was shallower and more 
frequently turbid. In the mean time the climate 
may have become somewhat cooler, many of the 
slone-building zoophytes which flourished in the 
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first period may hare disappeared, and hence (be 
fauna of the Red crag maj have acquired a char- 
acter more nearly reeembliDg that of our oorthera 
seas, as is implied by the large development of 
certain sections of the genera ISuiu, Btieanum, 
Purpura, and Troekut, proper to higher latitudes, 
and which are wholly waotiiig or feebly represent- 
ed in the inferior crag. 

The corals of the lovrer crag of Suffiilk bei»g 
b great part to a genara unknowD in ifae Hring 
creation, and are of a very peculiar structure ; as 
for example, that represented in the annexed fig. 
(138.), which is one of several species baring a 

E^.ias. 




e. portion of oit 

d. porlior of interior majnifiea, ihowing that it 
long, lhin,-iti»i(ht tubai, anited in coaicil bundloi. 
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globular forin. The great number and variety of 
these zoophytes probably iadicate an equitable 
cfimate, free from inleDse oc4d id wiater. On the 
other band, that the heat was never excessive is 
confirmed by the prevalence of northern fortnt 
among the testacea, such as the Gli/dmerit, 
O/prina, and Astarte. Of the genus last men- 
tioned (see Fig. 139.) there are about fourleep 

Pig. 139. 
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species, many of them being rich in individuals ; 

and there is an absence of genera peculiar to hot 
Fig- 140. climates, such as Conua, Oliva, Mi- 
tra, Fatdolaria, CrassateUa, and oth- 
ers. The cowries (^Cypraa, Fig. 
13?.), also, are small, and belong to 
a section (Trivia) now inhabiting the 
colder regions. A large volute, called 
Valuta Lamberli (Fig. 140.), may 
seem an exception ; but it difiers in 
^^SS^^SfS!' *""o fro™ ^^^ volutes of the torrid 

zone, and may, like the living Valuta MageU 
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tanicoj h^^® been fitted for an extra-tropical 
climate. 

The occurrence, however, of a species of Lm- 
gula at Sutton, is worthy of remark, as these Bra- 
chiopoda seem now confined to more equatorial 
latitudes, and the same may be said still more 
decidedly of a species of Pyrula, allied to P. reti- 
culata. Whether, therefore, we may incline to 
the belief that the mean annual temperature was 
higher or lower than now, we may at least infer 
that the climate and geographical conditions were 
very distinct at the period of the Suffolk crag from 
those now prevailing in the same region ; a con- 
clusion in^ harmony with the fact, that about four 
fifths of the tesiacea are extinct. 

Out of sixteen species of echinodermata found 
in the lower crag by Mr. Wood, none agree with 
the recent, so far as our present knowledge ex- 
tends. Some of the forms, as the Echinus, now 
exist in the neighbouring sea ; some are, according 
to M. Agassiz, peculiar ; and some now only known 
in warmer latitudes. 

Strata containing fossil shells, like those of the 
Suffolk crag, above described, have been found 
near Antwerp; and lately (1840) I observed a 
small patch of them near Valognes in Norman- 
dy. There is another deposit, also containing 
similar fossils, at St. George Bohon, and other 
places a few leagues to the South of Carentan ; 
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but they have never been traced further south- 
wards. 

Faluns of Touraine. — Near the towns of Di- 
nan and Rennes, in Brittany, and again in the prov-> 
inces bordering the Loire, a tertiary formation, 
containing another assemblage of fossils, is met 
with, to which the name of Faluns has been long 
given by the French agriculturists, who spread the 
shelly sand and marl over the land, in the same 
manner as the crag was formerly much used io 
Suffolk. Isolated masses of these faluns occur 
from near the mouth of the Loire, near Nantes^ 
as far as a district south of Tours. They are also 
found at Pontlevoy, on the Cher, about 70 miles 
above the junction of that river with the Loire, 
and SO miles S. E. of Tours. They consist prin* 
cipally of sand and marl, in which are shells and 
corals, some entire, some rolled, and others in^ 
minute fragments. In certain districts, as at 
Dou6, in the department of Maine and Loire, 10 
miles i3. W. of Saumur, they form a soft building- 
stone, chiefly composed of an aggregate of broken 
shells, corals, and echinoderms, united by a cal- 
careous cement ; the whole mass being very like 
the coralline crag near Aldborough and Sudboum 
in Suflfolk. The scattered patches of faluns are 
of slight thickness, rarely exceeding fifty feet ; and 
between the district called Sologne and the sea 
they repose on a great variety of older rocks;. 
VOL. I. 28 
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being seen to rest successively upon goeiss^clay- 
slate, and various secondary formations, including 
the chalk ; and, lastly, upon the upper freshwater 
limestone of the Parisian tertiary series, which, as 
before mentioned (p. 274.), stretches continuous- 
ly from the basin of the Seine to that of the 
Loire. 

At some points, as at Louans, south of Tours, 
the shells are stained of a ferruginous color, not 
unlike that of the red crag of Suffcdk. The spe- 
cies are, for the most part, marine, but a few of 
them belong to land and fluviatile genera. Among 
the former, Helix turonenm (Fig. 45. p. 65.) 
is the most abundant. Remains of terrestrial 
quadrupeds are here and there intermixed, be- 
longing to the genera mastodon, rhinoceros, hippo- 
potamus, deer, and others, and these are accompa- 
nied by cetacea, such as the lamantine, morse, 
sea-calf, and dolphin, all of extinct species. 

Out of 290 species of shells, collected by my- 
self, in 1840, at Pontlevoy, Louans, Boss6e, and 
other villages, 20 miles south of Tours ; and at 
Savign6, about 15 miles northwest of that place; 
72 are identical with recent species, which is in 
the proportion of 26 per cent. A large number 
of the 290 species are common to all the localities, 
those peculiar to each not being more numerous 
than we might expect to find in different bays of 
the same sea. 
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The total number of species from the faluns, id 
my possession, is 302, of which 45 only were 
found by Mr. Wood to be common to the Suffolk 
crag. The corals of the faluns are, in like manner, 
very dissimilar from those of the crag, if we regard 
them solely in reference to species ; but their re- 
semblance is considerable, if we direct our chief 
attention to their generic forms. The number of 
corals obtained by me at Dou^, and other locali- 
ties before adverted to, amounts to about 43, as 
determined by Mr. Lonsdale, of which seven 
agree specifically with those of the Suffolk crag. 
Only one has, as yet, been identified with living 
species. But it is difficult, if not impossible, 
to institute at present a satisfactory comparison 
between fossil and recent Polyparia, from the de- 
ficiency of our knowledge of the living species. 
Some of the genera occurring fossil in Touraine, 
as the Aitrea^ Lunulites, and Dendrophyllia^ 
have not been found in European seas north of 
the Mediterranean ; nevertheless, the Polyparia 
of the faluns do not indicate a climate much 
warmer than that which now prevails on the south- 
ern coasts of Europe. 

It was stated that, on comparing about 300 
species of Touraine shells with about 450 from 
the Suffolk crag, 45 only were found to be 
common to both, which is in the proportion 
of only 15 per cent., an amount of agreement 
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which 18 almost exactlj the same as that found 
in the corals. Undoubtedly this amount is ex- 
tremely small; ahhough we must bear in mind 
that the numbers 300 or 460, above mentiooed, 
represent fractions only of ancient faunas. It 
is like comparing a portion of the Mediter- 
ranean testacea with a part of those known 
in the British seas ; and, for the sake of experi- 
ment, I requested Mr. 6. Sowerby to examine 
280 species of shells from the Mediterranean, and 
compare them with 600 of the best determined 
British species. Of these, 160 were found to be 
common to both collections, which is in the pro- 
portion of 57 per cent. This per-centage, how- 
ever, is raised by the greater extent of our knowl- 
edge of the British testacea, than of the Sufiblk 
Miocene shells, of which we are only acquainted 
with 450 species. Admitting, however, that the 
fossils of the Faluns and the Crag depart much 
more widely from each other than do the British 
shells from those of the Mediterranean, it is still 
conceivable that those tertiary formations may have 
been contemporaneous, if the Crag was deposited 
in a sea opening to the north, and the Faluns in 
another opening to the south, a barrier of land 
existing between the two. The breadth of such 
a barrier could not have been great, because Suf- 
folk and Touraine are not 300 miles distant from 
each other, and some patches of the Crag extend 
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south into Normandy, and others of the Faluns as 
far north as Rennes, in Brittany. But the isth- 
muses of Suez and Panama are also very incon- 
siderable, both in height and breadth, and yet the 
seas which they separate are inhabited by distinct 
testacea. 

Other causes, however, may have cooperated 
powerfully with a geographical barrier to create 
a difference in the zoological productions of the 
neighbouring seas, of the faluns, and crag. Thus, 
for example, in the southern hemisphere at pres- 
ent, the transition is very sudden from a latitude 
enjoying a mild and equable climate, in which 
many tropical forms of testacea exist, to another 
where there is extreme cold, and where we may 
look for a fauna of an arctic character. Such a 
condition of things might have been almost as 
effectual as a strip of land, in preventing a free 
range of northern species towards the south, or of 
southern species towards the north. 

In confirmation of this view, it should be re- 
membered, that the assemblage of genera in the 
crag is somewhat anomalous, if compared with 
the present fauna of our temperate latitudes, con- 
taining, as we have seen, a mixture of northern and 
southern forms, such as we now observe in parts 
of the southern Atlantic. To a certain extent the 
same observation holds true in respect to the faluns 
of Touraine, where most of the shells do not depart 

28* 
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from the Mediterranean tjpe, ahbough a few would 
seem to imply a tropical climate. Among theie 
may be mentioned some large species of the geaen 
Conitf, Terebra^ Pyrula^ Fasciolariaj CmMmf 
and Cardita. 

M. Desnoyers, in 1825, expressed an opiDioo 
that the faluns were of the same age as the Eog- 
lish crag, to which he was led by a similariQr of 
mineral composition, and the general analogrof 
the fossil shells and zoophytes^ together with the 
perfect identity of certain species. I dissented st 
the time from this t^nchision, seeing that the 
species of shells were in general so distinct ; but 
I am now inclined to come round to the same 
views, since I have ascertained that both formt- 
tions contain a similar proportion of shells (about 
one fourth), identical with those now living, b 
this, however, and in almost every instance, the 
word contemporaneous must be understood ia > 
large and liberal «ense in geology ; and when we 
refer both the Faluns and the Crag to some part 
of the Miocene period, we may still conceive that 
there were shades of difference in (heir relative 
ages, like that already pointed out in the Red and 
Coralline divisions of the Suffolk crag. 

Bordeaux. — A great extent of country be- 
tween the Pyrenees and the Gironde is over^ 
spread by tertiary deposits, which have been more 
particularly studied in the environs of Bordeaux 
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ind Dax, from whence about 700 qpecies of shells 
htre been obttMied. A htrge proportion of these 
ibells belong to the same zoological type as those 
f of Touraine ; but many are peculiar, and the 
whole amy probably constitute an older division 
of the Miocene period than the faluns of the 
lioire. We must wait,, however, ibr further inves- 
tigations, in order to decide this question with 
aoeiiracy* The fossils figured in plate 3. are char- 
acteristic of the strata of Bordeaux and Dax. 

PieJmanio — Many of the shelb peculiar to the 
hill of the Superga, near Turin, agree with those 
found at Bordeaux and Dax ; but the proportion 
of recent species is much less* The strata of 
the Superga consist of a bright green sand and 
marl) and a conglomerate with pebbles, chiefly of 
green serpentine, and are inclined at an angle 
erf* more than 70®. This formation, which attains 
a great thickness in the valley of the Bormida, is 
probably one of the oldest Miocene groups hith- 
erto discovered* 

MoliMe if Switzerland, -^If we cross the Alps, 
and pass from Piedmont to Savoy, we find there, 
at the northern base of the great chain, and 
tfapoughout the lower country of Switzerland, a 
soft green sandstone much resetnbling some of the 
beds of the basin of the Bormida, above described, 
and associated in a similar manner with marls and 
conglomerate. This formation is called in Switz- 
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erland ** molasse," said to be derived from ^^ mol," 
^^toftj^ because the stone is easily cut in the 
quarry. It is of vast thickness, and probably 
divisible into several formations. Whether all 
these may belong to the Miocene period cannot 
yet be determined, as fossil shells are often en- 
tirely wanting ; but such as have been met with 
in a few places appear to bear out this conclusion, 
which is strongly corroborated by the agreement 
of the fossil fishes of the molasse and faluns. 
Among those common to both, M. Agassiz pointed 
out to me Lamna eoniortidensj Myliobatti Stu- 
derij Spherodus einciusj ^otidanut prtmigeniutj 
and others. Some species of mammalia are also 
common to the molasse and faluns. 

Lisbon. — Marine tertiary strata near Lisbon 
contain shells which agree very closely with those 
of Bordeaux, and are therefore referred to the 
Miocene era. Thus, out of 112 species collected 
by Mr. Smith, between 60 and 70 were found to 
be common to the strata of Bordeaux and Dax, 
the recent species being in the proportion of 21 
per cent. 

Styria, — Another important series of forma- 
tions, found at the eastern extremity of the Alps 
in Styria, and which spread thence into the plains 
of Hungary, have also been referred to the same 
age. Nearest to the foot of the Alps appears the 
lowest of three natural groups, into which they 
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have been classed : it consists of sandstones, con^ 
glomerates, and marls, which are intersected by the 
rivers Mur, Raab, and Drave. The second group 
is characterized at Wildon by a coralline limestooe 
not less than 400 ft. thick. In the third group, 
which occurs at a still greater distance from the 
mountains, beds of limestone are met with, which 
exhibit a perfectly oolitic structure* In the middle 
group, both in Styria and the basin of Vienna, 
the shells are considered to agree, on the whole, 
with the species of the Loire, Gironde, and other 
Miocene basins. How far the lowest and upper- 
most systems depart chronologically from the same 
type remains for future investigation. 

JUaytfnce.-— The tertiary strata near Mayence 

contain in abundance the Mytilus BrardH (Fig. 

141.), and several other characteristic IMiocene 

Fig. 141. fossils. They occupy a tract from five 

€to twelve miles in breadth, extending 
along the left bank of the Rhine from 
Mayence to the neighbourhood of Man- 
Brarm, hcim, and are again found to the east, 
north, and southwest of Frankfort. In some pla- 
ces they have the appearance of a freshwater for- 
mation ; but in others, as at Alzey, the shells are 
for the most part marine. Ceriihia are in great 
profusion, which indicates that the sea where the 
deposit was formed was fed by rivers ; and the 
great quantity of fossil land shells, chiefly of the 



334 IflOOBNK STRATA. [Ck. ZIV. 

genus Hdixj confirm the same opinion. The va- 
riety in the species of shells is small, scarcely eighty 
having yet been discovered, according to Professor 
Bronn, of Heidelberg, while the individuals are 
exceedingly numerous ; a fact which accords per- 
fectly with the idea that the formation may have 
originated in a gulf or sea which, like the Baltic, 
was brackish in some parts, and almost fresh in 
others. A species of Paludina (Fig. 142.), very 
nearly resembling the recent Littorina ti/va, is 
Pig. 142. found throughout this basin. These 
A-A shells are like grains of rice in size, and 
^m^ are often in such quantity as to form en- 
^^ tire beds of marl and limestone. They 
Msyence. are as thick as grains of sand, in strati- 
fied masses from 1 5 to 30 ft. in thickness. 

It is most probable that the sandy beds of Eppels- 
heim are of the same age. In these the bones of 
several mammalia, and, among others. Mastodon 
arvernensisy and the new genus Dinoiheriumj have 
been met with. To the Miocene period we may 
also refer several detached lacustrine formations of 
Bavaria and Wurtemburg, and, among others, the 
freshwater beds of Georges Gemund, where, as in 
Touraine, we find an association of the genera 
Palseotherium, Mastodon, and Rhinoceros; the 
deposits of Osnabruck and other parts of West- 
phalia, and others, of wide extent, in Volhynia 
and Podolia, appear, also, to agree, by their fos- 
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sils, with the Miocene strata of Bordeaux and 
Touraine. 

Upper Vol d^Arno. — There are a great num- 
ber of isolated tertiary formations, of freshwater 
origin, resting on primary and secondary rocks in 
different parts of Europe, in the same manner as 
we now find small lakes scattered over our conti- 
nents and islands, wherein deposits are forming, 
quite detached from all contemporary marine strata. 
To determine the age of such groups, with refer- 
ence to the great chronological series established 
for the marine formations, must often be a matter 
of difficulty ; since we have not always an oppor- 
tunity of ascertaining what freshwater shells may 
have been contemporary with certain sets of marine 
species. 

The deposit of the Upper Val d'Arno, near 
Florence, in Tuscany, presents an example of one 
of these detached lacustrine groups, in which shells 
of the genera Anodon^ Paludinaj and JSTeritina, 
of species not known as recent, have been found 
associated with teeth and skeletons of extinct spe- 
cies of bear, weasel, wolf, fox, hyaena, beaver, 
elephant, mastodon, tapir, horse, pig, rhinoceros, 
hippopotamus, deer, ox, buffalo, and other quad- 
rupeds. Some of the above mammalia agree 
specifically with fossils known elsewhere to belong 
to the Miocene period. 
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the principal Eocene formations of England, the 
Netherlands, and France. Those of England, it 
will be seen, are confined to two districts, usual- 
ly called the basins of London and Hampshire. 
(See also Map, Plate 6.) These tracts are bounded 
by rising grounds, composed of chalk, except where 
the sea intervenes. That the chalk passes beneath 
the tertiary strata, as represented in Fig. 163. 
p. 387., we can not only infer from geological 
data, but can prove by numerous artificial sections 
at points where railways have been cut, wells sunk, 
or borings made, through the overlying beds. 

In the section already given of the tertiary 
strata of Suffolk (p. 319.), it will be seen that the 
crag a b rests on a formation called the London 
clay (c), which there consists of alternating beds^ 
of blue and brown clay, with many nodules of 
calcareous stone, used for Roman cement. This 
formation is well seen in the neighbouring cY\fk 
of Harwich, where the nodules contain many 
marine shells, and sometimes the bones of turtles. 
The relative position of the chalk, London clay. 

Fig. 144. 
Crag. London day. Chalk. 



and crag, between the coast of Essex and the 
interior, may be understood by reference to the 
annexed diagram. 

VOL. I. 29 
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The Eocene strata of the LoDdoo basin are very 
simple in their comppeitioo, coD8i3tiog almost 
eotirely of clay, sand, and shingle, firom 200 to 
600 feet in thickness. They have generally been 
divided into three groups, though by a very arbi^ 
trary classification ; the uppermost of which has 
been called the Bagshot sand, the second the 
London clay, and the lowest the plastic clay and 
sand* In the first of these, composed of ^Uceous 
sand and sandstone, and some b^ds of marl, fossib 

« 

are very rare ; but the teeth of Pristisy or saw«> 
fish, sharks, rays, and other species, brought to 
light in a railway cutting made in 1838, near 
Guildford, prove these sands to agree closely io 
age with the London clay, of the Isle of Sheppey, 
in which the same species are found.* 

The blueisb or dark argillaceous mass, called 
London clay, sometimes attains a thickness of 700 
ieet, as at High Beech, in Essex. Its stratification 
is ofllen obscure. It frequently contains ovate no^ 
dules, or concretions of limestoqe, usually from a 
foot to 18 inches in diameter, which are traversed 
in various directions by cracks, dividing the whole 
into sepia, or inclosures, whence the name sep- 
taria. These are sometimes continued through a 
thickness of 200 feet ; and in some of them tes- 



* Buckland, Proceedings of Geological Society, Na 58. 

p. 687. 
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tacea, fruits^ and the entire shells of turtles have 
been met with. 

The plastic clay and sand ought aever to have 
beeo classed as a distinct fornaation, but merely 
as the inferior portion of the ' London clay ; since, 
in one of the earliest publications on this subject, 
Mr. Webster pointed out, in the Isle of Wight, a 
distinct alternation of the sands of the lower part 
of the series with clay 200 feet thick, containihg 
septaria, and replete with the usual fossils of the 
neighbourhood of London.^ The plastic clay 
sometimes attains a thickness of from 400 to 500 
feet. It is made up of an indeBnite number of 
beds of sand, shingle, clay, and loam, irregularly 
alternating* Some of the clay being used in pot- 
teries, the name of plastic clay has been given 
to the whole formation. The beds of shingle ai'e 
composed of perfectly rolled chalk* flints^ with 
here and there small pebbles of quartz. Heaps 
of these materials appear sometimes to have re- 
mained for a long time covered by a tranquil sea. 
Dr. Buckland states that he observed a large 
pebble in part of this formation at Bromley, to 
which five full-grown oyster-shells were affixed, in 
soeb a manner as to show that they had com-*- 

* Se^ also Professor Sedgwick and Mr. Bowerfoatik Ih 
confirmation of this opinion, Phil. Mag. and Geol. Pro- 
ceedioga 
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roenced their first growth upon it, and remained 
attached through life.* 

The fossils of these Eocene strata differ almost 
entirely from those of the crag. Out of 400 spe- 
cies of shells, scarcely any can be identified with 
those now living. Upon the whole, they resemble 
the testaceous fauna of the tropics ; a conclusion 
favored hy the occurrence of many species of 
Omus, Mitra and Voluiay a large Cypnea, a very 
large RosteUaria, and shells of the genera Tere- 
bellum, Cancellaria, Crassatdla^ and others, with 
four or more species of Nautilus. (See Figures, 
p. 341.) There are fish, also, which indicate a 
warm climate ; among which may be mentioned a 
sword*fisb {Teirapterus priseus^ Agassiz), about 
eight feet long, and a saw-fish [Pristis bisukatus, 
Ag.), about ten feet in length ; genera foreign to 
the British seas. 

These fossils have been found in the island of 
Sheppey, which is composed of London clay, where 
also, as I learn from M. Agassiz, the remains of 
no less than fifty other species of fish have been 
discovered. 

An immense number of fruits and seeds of 
plants, penetrated with iron pyrites, have been 
procured from the clay of Sheppey, belonging, it 
is supposed, to more than 700 distinct species. 

• Geological Transactions, Ist Series, Vol. iv. p. 300. 
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Mr. Bowerbank, in a valuable publicatioo deroted 
to the descriptiOD of tbese fossils, has shown that 
maDy of tbem are decidedly referaU* to Tamilies 
29« 
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of plants now confined to tropical regions. He 
has described thirteen fruits of pahD of the recent 
type Nipa^ now only found in the Molucca and 
Philippine islands. These plants are allied to the 
cocoa-nut tribe on the one side, and on the other 
to the PandanuSf or screw-pine. Species of cocoa- 
nuts are also met with, and other kinds of palms ; 
also three species of Jlnana^ or custard-apple; 
cucurbitaceous fruits, also (the gourd and melon 
family), are in considerable abundance. Fruits of 
various species of Acacia^ are in profusion ; and, 
although less decidedly tropical, imply a warm 
climate. 

The contiguity of land may be inferred not 
only from these vegetable productions, but also 
from the teeth and bones of crocodiles and turtles, 
since these creatures, as Mr. Conybeare has re- 
marked, must have resorted to some shore to lay 
their eggs. Very recently (1839) Mr. Owen has 
recognised among the fossils from Sheppey and 
Heme Bay the bones of a large serpent, resem- 
bling a Boa or Python, and a bird allied to the 
vultures, together with a quadruped of a new genus 
{Hyracotherium), allied to the by rax, hog, and 
chseropotamus. 

Freshwater strata of the Hampshire basin. — In 
the northern part of the Isle of Wight, and part of 
the opposite coast of Hampshire, freshwater strata 
occur resting on the London clay. They are 
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composed chiefly of calcareous and argillaceous 
marls, with a few layers of limestone, sometimes 
slightly siliceous. The marls are often green, and 
bear a considerable resemblance to certain green 
marls of Auvergne and the neighbourhood of Paris, 
which will afterwards be mentioned. 

At Headon Hill, on the north side of Alum Bay, 
in the Isle of Wight, is a vertical precipice, where 
the horizontal freshwater strata are exposed for a 
thickness of 400 feet. About half way up in the 
cliff appear beds in which there is a mixture of 
marine and freshwater shells ; implying a tempo- 
rary return of the sea, before and after which the 
wat3rs of a lake or some large river prevailed over 
the same area. In these formations Gyrogonites, 
or the fossil seed-vessels of Char a (see p. 67.), 
are frequent, and shells qf the genera Limnea^ 
Planorbisj Melanopsis^ and Paludina. At Bin- 
stead, near Ryde, several quadrupeds, correspond' 
ing in genera, and, for the most part, in species, 
with the celebrated fossils of the gypsum near 
Paris, have been detected in the freshwater lime- 
stone. They belong to the genera Palaotherium 
(four species), Anoplotherium (two species), CAce- 
ropotamus^ and Dichobunes ; which last, when the 
remains were first found at Binstead, was supposed 
to be a musk deer.* 

* See Owen on the fossils found by Mr. Pratt and Rev. 
W. D. Fox, Greol. Proceed., No. 59, p. 1. 
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Straia of Ky$on in Suffolk. -^^ At Kysoo, a few 
mites east of Woodbridge, is a bed of claj^ twelve 
feet thicki beneath which is a deposit of yettow 
and white sand, the age of which is matter of con- 
siderable interest, io consequcDce of many peculiar 
fossils contained in it. The incumbent clay, wbicb 
is devoid of fossils, can be shown, by position, to 
underlie the red crag of Suffolk, and is proba- 
bly a member of the Eocene formation. In this 
sand has been found the first example of a fossil 
quadrumanous animal discovered in Great Britain, 
namely, the teeth and part of a jaw, shown by 
Mr. Owen to belong to a monkey of the genus 

Macacui (see fig. 151.). The mamraiferous fossils, 
Fig. 151. grgj me^ ^Jtjj in ^^ g^m^ 

ijj£^ ^iCfc bed, where those of an 

^v opossum (Diddphys) and 

Molar of monkey (Maccaus). • * i ^ / 

^ 'an insectivorous bat (see 

figs. 152. and 153.), together with many teeth of 
fishes of the shark family, some of new and peculiar 

Fig. 162. 





Molar and part of jaw of oposatun* 



species, but two of them, according to M. 
Agassiz, agreeing with those found in the red 
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crag, namely, Lamna contortidens and an Otodus. 
More recently ( 1 840) Mr. Colchester has obtained 

other mammalian relics from 

Kyson, among which Mr.. 

AK wW Owen has recognised sev- 

^^ uil eral teeth of the genus Hy- 

Molars Mfins^aroua bats, racothenum, and the ver- 
twice not. siu. ^^^^^^ ^f ^ ^^^^^ sorpent, 

probahly a Boa. As the remains both of the 
Hyracoiherium and Boa have also been met with 
in the London clay, as before remarked, these fos* 
sils confirm the opinion previously entertained, that 
the Kyson sand belongs to the Eocene period. 
The MacactiSj therefore, constitutes the first ex* 
ample of any quadrumanous animal found in strata 
as old as the Eocene, or in a latitude so far from 
the equator (52^ N.). It was not until after the 
year 1836 that the existence of any fossil quad- 
rumana were brought to light. Since that period 
they have been found in France, India, and Bra- 
zil. Those in France were procured at Sansan, 
-Dear Auch, in the department of Gers, about forty 
miles west of Toulouse, in lat. 43° 4(y N., in 
freshwater strata, probably of the Miocene period. 
They were associated with the bones of the Din- 
otherium. Mastodon, Rhinoceros, and other mam- 
mifers. 

Paris basin, — No formations can be more dis- 
similar in mineral character than the Eocene de- 
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posits of England ftad Paris ; tboee (rf our dWti 
ishiDd being almost exelusively of tnecbanieiJ 
origin, «^ accumulations of mud, saud, and peb- 
bles ; while in the neighbourhood of Paris we find 
strata inclosing a similar assembhige of organic 
remains, but composed partly of a coarse White 
limestone, and partly of a compact siliceous lime- 
stone of great thickness, with here and there in- 
tercalated beds of crystalline gypsum, or pure 
flint* 

The area which has been called the Paris basin 
is about 1 80 miles in its greatest length from north- 
east to southwest, and about 90 miles from east 
to west. The space may be described as a de- 
pression in the chalk, which has been filled up by 
alternating groups of marine and freshwater strata. 
MM. Cuvier and Brongniart attempted, in 1811, 
to distinguish five dififerent formations, comprising 
three freshwater and two marine, which alternated 
with each other. It was imagined that the waters 
of the ocean had been by turns admitted and ex* 
eluded from the same region ; but the subsequent 
investigations of several geologists, especially of 
M. Constant Prevost,* have led to great OKwlifi* 
cations in these theoretical views ; and now that 
the true order of succession is better understood, 
it appears that several of the deposits, which were 

* Bulletin des Sci. de la Soc. Philom. May, 1825., p. 74 
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supposed to have originated one after the other, 
were, io fact, io progress at the same time by the 
joint action of the sea and rivers. 

The order of superposition may be thus briefly 
expressed, beginning with the lowest beds : — 

1st. Three formations of contemporaneous date, 
resting on the fundamental chalk, and, in some 
places, alternating with each other; namely, 1. 
freshwater beds, containing plastic clay and lig- 
nite : 2. marine limestone (calcaire grossier) ; 3. 
freshwater limestone (calcaire siliceux). 

2dly. Marls and gypsum, with bones of quadru- 
peds, in part contemporaneous with the preceding, 
and io part posterior. 

3d)y. Upper marine sands. 

4thly. Upper freshwater marls, with -siliceous 
milbtone. 

Immediately upon the chalk there is usually a 
layer of broken chalk-flints, often cemented into 
a breccia by siliceous sand. These flints prob- 
ably indicate the action of the sea upon reefs of 
chalk when a portion of that rock had emerged, 
and before the regular tertiary beds were super- 
imposed. 

Upon this flinty stratum, or, if it be wanting, 
upon the chalk itself, rests frequently a deposit of 
clay and lignite, which includes the remains of 
freshwater shells and driftwood, and was, at first, 
regarded as a proof that the Paris basin had 
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originally been filled with freshwater. But it has 
since been shown that strata of this character are 
of very partial extent, and have been repeated 
again and again in different parts of the overly- 
ing series. The phenonaena, in fact, lead us sim- 
ply to infer, that a river charged with argillaceous 
sediment entered a bay of the sea, and drifted 
into it, from time to time, freshwater sbeUs and 
wood. 

Calcaire grossier. — The formation called cal- 
caire grossier consists of a coarse limestone, often 
passing into sand. It contains by far the greater 
number of the fossil shells which characterise the 
Paris basin. (See PI. 4.) No less than 400 dis- 
tinct species have been procured from a single spot 
near Grignon. They are imbedded in a calcareous 
sand, chiefly formed of comminuted shells, in 
which, nevertheless, individuals in a perfect state 
of preservation, both of marine, terrestrial, and 
freshwater species, are mingled together. Some 
of the marine shells may have lived on the spot ; 
but the Cydostoma and Limnea must have been 
brought thither by rivers and currents, and the 
quantity of triturated shells implies considerable 
movement in the waters. 

Nothing is more striking in this assemblage of 
fossil testacea than the great proportion of species 
referable to the genus Ceriihium. (See fig. 164.) 
There occur no less than 1 37 species of this genus 
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the Paris basin, and almost all of tbem in 
le calcaire grossier. Now the living Ceriihia 
Rg. 154. inhabit the sea near the mouths of 
rivers, where the waters are brackish ; 
so that their abundance in the marine 
strata now under consideration is in 
harmony with the hypothesis, that the 
Paris basin formed a gulf into which 
several rivers flowed, the sediment 
of some of which gave rise to the 
beds of clay and lignite before men^ 
tioned ; while a distinct freshwater 
limestone, called calcaire siliceux, which 
will presently be described, was pre- 
cipitated from the waters of others situated further 
to the south. 

In some parts of the calcaire grossier round 
Paris, certain beds occur of a stone used in build- 
ing, and called by the French geologists '< Miliolite- 
limestone.'' It is almost entirely made up of millions 
of microscopic shells, of the size of minute grains 
of sand, which all belong to the class Foraminifera. 
Figures of some of these are given in the annexed 
plate (PI. 6.). As this miliolitic stone never 
occurs in the Faluns, or Miocene strata of Brit- 
tany and Touraine, it often furnishes the geologist 
with a useful criterion for distinguishing the de- 

* This species is found both in the Paris and Londoa 
basins. 

VOL. I. 30 
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tacbed Eocene and Miocene formations, scattered 
over those and other adjoining provinces. 

Calcaire siliceux. — This compact siliceous 
limestone extends over a wide area. It resembles 
a precipitate from the waters of mineral . spiitogs, 
and is often traversed by small empty simdus 
cavities. It is, for the most part, devoid of oigaaic 
remains, but in some places contains freshwater 
and land species, and never any marine fessils. 
The siliceous limestone and the calcaire grosser 
occupy distinct parts of the Paris basin, the one 
attaining its fullest development in those ^aces 
where the other is of slight thickness. They also 
alternate with each other towards the centre of 
the basin, as at Sergy and Osny ; and there are 
even points where the two rocks are so blended to- 
gether that portions of each may be seen in hand 
specimens. Thus, in the same bed, at Triel, we 
have the compact freshwater limestone, charac- 
terized by its LdmneiB, mingled with the coarse 
marine limestone, through which the small multi- 
locular shell, called milliolite, is dispersed in 
countless numbers. These microscopic testacea 
are also accompanied by Cerithia and other shells 
of the calcaire grossier. It is very extraordinary 
that in this instance both kinds of sediment must 
have been thrown down together on the same spot, 
and each has still retained its own peculiar organic 
remains. 
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From these facts we may conclude, that while 
to the north, where the bay was probably open to 
the sea, a marine limestone was formed, another 
deposit of freshwater origin was introduced to the 
southward, or at the head of the bay ; for it ap^ 
pears that during the Eocene period, as now, the 
ocean was to the north, and the continent, where 
the great lakes existed, to the south. From that 
southern region we may suppose a body of fresh 
water to have descended, charged with carbonate 
of lime and silica, the water being perhaps in 
sufficient volume to freshen the upper end of the 
bay. 

Gypsum and marls. — The next group to be 
considered consists of white and green marls, with 
gypsum. These were once supposed to be en- 
tirely subsequent in origin to the two groups 
already considered ; but M. Prevost has pointed 
out that in some localities they alternate re- 
peatedly with the calcaire siliceux, and in others 
with some of the upper members of the calcaire 
grossier. The gypsum, with its associated marl 
and limestone, is in greatest force towards the 
centre of the basin, where the two groups before 
mentioned are less fully developed : and M. Pre- 
vost infers, that while those two principal de- 
posits were gradually in progress, the one towards 
the north, and the other towards the south, a 
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river descending from the east may have brought 
down the gypseous and marly sediment. 

It must be admitted, as highly probable, that a 
bay or narrow sea, 180 miles in length, would 
receive, at more pomis than one, the waters of 
the adjoining continent. At the same time, we 
must be prepared to find that the simultaneous 
deposition of two or more sets of strata in one 
basin, some freshwater and others marine, must 
have produced very complex results. But, in pro* 
portion as it is more difficult in these cases to dis- 
cover any fixed order of superposition in the as- 
sociated mineral masses, so also is it more easy to 
explain the manner of their origin, and to recon- 
cile their relations to the agency of known causes. 
Instead of the successive irruptions and retreats of 
the sea, and changes in the chemical nature of 
the fluid, and other speculations of the earlier 
geologists, we are now simply called upon to 
imagine a gulf, into one extremity of which the 
sea entered, and at the other a large river, while 
other streams may have flowed in at different 
points, whereby an indefinite number of alterna- 
tions of marine and freshwater beds would be 
occasioned. 

The gypsum occurs in the form of a saccharoid 
rock, in the hill of Montmartre at Paris, and other 
central parts of the basin. Although the lower beds 
of it alternate with the marine calcaire grossier, 
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it must be considered on the whole as a freshwater 
formation, as it contains land and fluviatile shelb, 
together with fragments of palm wood, and great 
numbers of skeletons of quadrupeds and birds ; 
an assemblage of organic remains, on which the 
anatomical labors of Cuvier have conferred great 
celebrity. The bones of freshwater fish, also, and 
of crocodiles, and many other reptiles, both land 
and fluviatile^ occur in this rock. The skeletons 
of mammalia are usually isolated, often entire, 
the most delicate extremities being preserved ; as 
if the carcasses, clothed with their flesh and skin, 
had been floated down soon after death, and while 
they were still swollen by the gases generated by 
their first decomposition. The few accompanying 
shells are of those light kinds which frequently 
float on the surface of rivers, together with wood. 
M. Prevost has therefore suggested that a river 
may have swept away the bodies of animals, and 
the plants which lived on its borders, or in the 
lakes which it traversed, and may have carried 
them down into the centre of the gulf into which 
"flowed the waters impregnated with sulphate of 
lime. We know that the Fiume Salso in Sicily 
enters the sea so charged with various salts that 
the thirsty cattle refuse to drink of it. A stream 
of sulphureous water, as white as milk, descends 
into the sea from the volcanic mountain of 
Idienne, on the east of Java ; and a great body 

30* 



S54 EOCENE BnUTA. [Ck.XV. 

of hot water, charged with sulphuric acid, rushed 
down from the same volcano on one occasion, and 
inundated a large tract of country, destroying, by 
its noxious properties, all the vegetation.* In like 
manner the Pusanibio, or " Vinegar River," of 
Colombia, which rises at the foot of Purac6, an 
extinct volcano, 7,500 feet above the level of 
the sea, is strongly impregnated with sulphuric 
and muriatic acids and with oxide of iron. We 
may easily suppose the waters of such streams to 
have properties noxious to marine animals, and 
in this manner the entire absence of marine re- 
mains in the ossiferous g^'psum may be ex- 
plained, f 

There are no pebbles or coarse sand in tbe 
gypsum 5 a circumstance which agrees well with 
the hypothesis that these beds were precipitated 
from water holding sulphate of lime in solutioD, 
and floating the remains of diflferent animals. 
The bones of land quadrupeds, however, are not 
confined entirely to the freshwater formation, to 
which the gypsum belongs ; for the remains of a 
Palseotherium, together with some freshwater shells, 
have been found in a marine stratum belonging to 
ihe calcaire grossier at Beauchamp. 

■* Leyde Magaz. voor Wetensch Konst en Lett, partie 
v. cahier i. p. 71. Cited by Rozet, Joum. de Gr^ologie, 
torn. i. p. 43. 

f M. C. Prevost, Submersions It^ratives, &c. Note 23. 
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Id the gypsum the remains of about fifty species 
of quadrupeds have been found, all extinct, and 
nearly four-fifths of them belonging to a division 
of the order Pachydermata, which is now repre- 
sented by only four living species ; namely, three 
tapirs and the daman of the Cape. With them 
a few carnivorous animals are associated, among 
which are a species of fox and gennet. Of the 
Rodentiaj a dormouse and a squirrel ; of the lu" 
seciivoraj a bat ; and of the Marsupidlla (an order 
DOW confined to America, Australia, and some 
contiguous islands), an opossum, have been dis- 
covered. 

Of birds, about ten species have been ascer- 
tained, the skeletons of some of which are entire. 
None of them are referable to existing species.* 
The same remark applies to the fish, according to 
]V1M. Cuvier and Agassiz, as also- to the reptiles. 
Among the last are crocodiles and tortoises of the 
genera Emys and Trionix. 

The tribe of land quadrupeds most abundant 
ID this formation is such as now inhabits alluvial 
plains and marshes, and the banks of rivers and 
lakes, a class most exposed to suflTer by river 
inundations. Whether the disproportion of car- 
nivorous animals can be ascribed to this cause, or 
whether they were comparatively small in number 

* Cuvier, Oss. Foss., torn. iii. p. 255. 
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and dimensions, as in the indigenous fauna of 
Australia, when first known to Europeans, is a 
point on which it would be rash, perhaps, to offer 
an opinion in the present state of our knowledge. 
Upper marine and upper freshwater formatiatu. 
— In addition to the several formations already 
enumerated, there are still two others, one usually 
called the upper marine, and the other the third 
or upper freshwater, which do not seem to have 
been going on simultaneously vrith the preceding 
groups. It seems probable that the deposits of 
the Paris basin, before described, had subsided to 
a certain extent, so that the sea prevailed exclu- 
sively for a time, and a deposit, chiefly formed 
of micaceous and quartzose sand, eighty feet thick, 
with marine shells, was superimposed on the older 
formations. After this subsidence, and when, 
perhaps, the gulf or estuary had been silted up 
with sand, another freshwater formation was 
superimposed. At this period a great number of 
marshes and shallow lakes seem to have existed, 
like those which frequently overspread the newest 
parts of great deltas. In these lakes many layers 
of marl, with beds of flint or of siliceous nodules, 
were formed, and Chara, plants which now grow 
in the English lakes, and at considerable depths at 
the bottom of the great lakes of northern Italy, left 
their stems and seed-vessels, which are imbedded 
both in marl and flint, together with freshwater 
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shells. Some of the siliceous rocks of this forma- 
tion are used extensively for miHstones. 

That oscillations of level occurred before the 
deposition of the upper marine formation seems 
confirmed by the fact that rolled blocks of cal- 
caire grossier and calcaire siliceux, pierced by 
perforating shells belonging to no less than fifteen 
species, have been found in the upper marine 
saud. This reduction of portions of the older 
rocks, some of them freshwater, into fragments, 
implies that they had been exposed to denudation 
before some of the newer strata, in which the 
drilled blocks are now buried, were thrown down. 
The country may have risen in one part while it 
was depressed in another, as happened in the del- 
ta of the Indus in the year 1819. 

Between the gypsum of the Paris basin and the 
upper marine sands a thin bed of oysters is found, 
which is spread over a remarkably wide area. 
From the manner in which they lie, it is inferred 
that they did uot grow on the spot, but th t some 
current swept them away from a bed of oysters 
formed in some other } art of the bay. The 
strata of sand which immediately repose on the 
oyster-bed are quite destitute of organic remains ; 
and nothing is more common in the Paris basin, 
and in other formations, than alternations of 
shelly beds with others entirely devoid of them. 
The temporary extinction and renewal of animal 
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life at suceessi^e periods have been rashly inferred 
from such phenomena, which may nerertheless be 
explained, as M. Prevost jostly remarks, without 
appealing to any such extraordinary revolutions in 
the state of the animate creation. A current one 
day scoops oat a channel in a bed of shelly sand 
and mud, and the next day, by a slight altera- 
tion of its course, ceases to prey upon the same 
bank. It may then become charged with saod 
unmixed with shells, derived from some dune, 
or brought down by a river. In the course of 
ages an indeOnite number of transitions from 
shelly strata to those without shells may thus be 
caused. 

Having now given a rapid sketch of the dif- 
ferent groups of the Paris basin, I may observe 
generally that they all belong to the Eocene 
epoch, although the entire series must doubtless 
have required an immense lapse of ages for its 
accumulation. The shells of the different fresh- 
water groups, constituting at once some of the 
lowest and uppermost members of the series, are 
nearly all referable to the same species and the 
discordance between the marine testacea of the 
calcaire grossier and the upper marine sands is 
not considerable. 

A curious observation has been made by 
IVl. Deshayes, in reference to the changes which 
one species, the Cardium portdosum, has under- 
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gone during the long period of its existence in 
the Paris basio. Difierent varieties of this Car- 
diam are cbaracteristic of difierent strata. In the 
older sand of the Soissonais (a marine formation 
underljing the regular beds of the calcaire gros- 
sier), ibis shell acquires but a small volume, and 



Fig. IfiG. 




has many peculiarities, which disappear in the 
lowest beds of the calcaire grossier. In these 
the shell attains its full size, and many distinctive 
characters, which are again modified in the up- 
permost beds of the calcaire grossier ; and these 
last modifications of form are preserved throughout 
the whole of the " upper marine" series.* 

* CoquiUw eoract^riBL dee Terraioa, 1831. 
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CHAPTER XVI. 

EOCElfZ FRESHWATER FORMATIONS. 

Lacustrine strata of Auvergne. — Grreat aeries of geograph- 
ical changes since the land emerged from the sea. — 
Tertiary red sand stone. — Mineral character an uncer- 
tain test of age. — Marls containing Cypria — Oolite of 
Eocene period. — Indusial limestone, and its origio. — 
Freshwater strata of the Cantal, calcareous and siliceous. 
— Resemblance of the white limestone and flints to 
chalk. — Various proofi of the gradual deposition of 
dense masses of strata. 

In the account given in the last chapter of the 
tertiary strata of ther Paris basin, it was shown 
that some members of that remarkable series of 
deposits were of freshwater origin. I shall now 
describe other formations in central France, which 
are very analogous in their fossils, and have been, 
in like manner, accumulated in large bodies of 
fresh water. 

The strata alluded to are those of the lacus- 
trine basins of Auvergne, Cantal, and Velay, the 
sites of which may be seen in the annexed map. 
They appear to be the monuments of ancient lakes, 
which, like some of those now existing in Switzer- 
land, once occupied the depressions in a moun- 
tainous region, and have been each fed by one or 
more rivers and torrents. The country where they 
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occur is almost entirely composed of granite and 
different varieties of granitic schist, with here and 
there a few patches of secondary strata, much dis- 
located, and which have probably suffered great 
denudation. There are also some vast piles of 
volcanic matter (see the map), the greater part of 
which is newer than the freshwater strata, and is 
sometimes seen to rest upon them, while a small 
part has evidently been of contemporaneous ori- 
gin. Of these igneous rocks I shall treat more 
particularly in the next volume. 

Before entering upon any details, I may ob- 
serve, that the study of this region and of the 
others above alluded to possess a peculiar inter- 
est, very distinct in kind from that derivable from 
the investigation either of the Parisian or Eng- 
lish tertiary strata. For we are presented in Au- 
vergne with the evidence of a series of events 
of astonishing magnitude and grandeur, by which 
the original form and features of the country have 
been greatly changed, yet never so far obliterated 
but that they may still, in part at least, be re- 
stored in imagination. Great lakes have disap- 
peared, — lofty mountains have been formed, by 
the reiterated emission of lava, preceded and fol- 
lowed by showers of sand and scoriae, — deep 
valleys have been subsequently furrowed out 
through masses of lacustrine and volcanic origin, 
— at a still later date, new cones have been thrown 
up in these valleys,— ?• new lakes have been formed 
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by the dammiDg up of rivers, — and more than 
one creation of quadrupeds, birds, and plants, have 
followed in succession ; yet the region has pre- 
served from first to last its geographical identity ; 
and we can still recall to our thoughts its exter- 
nal condition and physical structure before these 
wonderful vicissitudes began, or while a part only 
of the whole had been completed. There was 
first a period when the spacious lakes, of which 
we still may trace the boundaries, lay at the foot 
of mountains of moderate elevation, unbroken by 
the bold peaks and precipices of Mont Dor, and 
unadorned by the picturesque outline of the Puy 
de Dome, or of the volcanic cones and craters 
now covering the granitic platform. During this 
earlier scene of repose deltas were slowly formed ; 
beds of marl and sand, several hundred feet thick, 
deposited ; siliceous and calcareous rocks pre- 
cipitated from the waters of mineral springs ; 
shells and insects imbedded, together with the 
remains of the crocodile and tortoise, the eggs 
and bones of water birds, and the skeletons of 
quadrupeds, some of them belonging to the same 
genera as those entombed in the gypsum of Paris* 
To this tranquil condition of the surface succeed- 
ed the era of volcanic eruptions, when the lakes 
were drained, and when the fertility of the moun- 
tainous district was probably enhanced by the 
igneous matter ejected from below, and poured 
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down upon the more sterile granite. DuriDg 
these changes, which appear to have taken place 
b the Miocene epoch, the mastodon, rhinoceros, 
elephant, tapir, hippopotamus, together with the 
ox, various kinds of deer, the bear, hyaena, and 
many beasts of prey, ranged the forest, or pastured 
on the plain, and were occasionally overtaken by a 
fall of burning cinders, or buried in flows of mud, 
such as accompany volcanic eruptions. Lastly, 
these quadrupeds became extinct, and gave place 
to the existing creation. There are no signs, dur- 
ing the whole time required for this series of events, 
of the sea having intervened, nor of any denudation 
which may not have been accomplished by cur- 
rents in the different lakes, or by rivers and floods 
accompanying repeated earthquakes, during which 
the levels of the district have in some places 
been materially modified, and perhaps the whole 
upraised relatively to the surrounding parts of 
France. 

Auvergne. — The most northern of the fresh- 
water groups is situated in the valley-plain of the 
Allier, which lies within the department of the 
Puy de Dome, being the tract which went for- 
merly by the name of the Limagne d'Auvergne. 
It is inclosed by two parallel primitive ranges, — 
that of the Forez, which divides the waters of 
the Loire and Allier, on the east ; and that of the 
Monts Domes, which separates the Allier from 
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the Sioule, on the west.* The average breadth 
of this tract is about twenty miles ; and it is for 
the most part composed of nearly horizontal strata 
of sand, sandstone, calcareous marl, clay, and 
limestone, none of which observe a fixed and inva- 
riable order of superposition. The ancient bor- 
ders of the lake, wherein the freshwater strata 
were accumulated, may generally be traced with 
precision, the granite and other ancient rocks ris- 
ing up boldly from the level country. The actual 
junction, however, of the lacustrine and granitic 
beds is rarely seen, as a small valley usually inter- 
venes between them. The freshwater strata may 
sometimes be seen lo retain their horizontality 
within a very slight distance of the border-rocks, 
while in some places they are inclined, and in a 
few instances vertical. The principal divisions 
into which the lacustrine series may be separated 
are the following : — Jst, Sandstone, grit, and 
conglomerate, including red marl and red sand- 
stone. 2dly, Green and white foliated marls. 
3dly, Limestone or travertin, often oolitic. 4thly, 
Gypseous marls. 

1 . a. Sandstone and conglomerate, — Strata of 
sand and gravel, sometimes bound together into a 
solid rock, are found in great abundance around 
the confines of the lacustrine basin, containing, in 
different places, pebbles of ail the ancient rocks of 

* Scrope, Geology of Centrd France, p. 15. 
31* 



366 BOCBNB PBRIOD. [Ch. XVI. 

the adjoioing elevated countiy ; namely, granite, 
gueiss, mica-schist, clay-slate, porphyry, and oth- 
ers. But these strata do not form one continuous 
band around the margin of the basin, being ratber 
disposed like the independent deltas which grow at 
the mouths of torrents along the borders of exist- 
ing lakes. 

At Chamalieres, near Clermont, we have an 
example of one of these deltas, or littoral deposits, 
of local extent, where the pebbly beds slope away 
from the granite, as if they had formed a talus be- 
neath the waters of the lake near the steep shore. 
A section of about fifty feet in vertical height has 
been laid open by a torrent, and the pebbles are 
seen to consist throughout of rounded and angular 
fragments of granite, quartz, primary slate, and 
r^ed sandstone ; but without any intermixture of 
ihose volcanic rocks which now abound in the 
neighbourhood, and whieh could not have been 
4here when the conglomerate was formed. Partial 
layers of lignite and pieces of wood are found in 
these beds. 

At some localities on the margin of the basin 
•quartzose grits are found ; and, where these rest 
on granite, they are sometimes formed of separate 
crystals of quartz, mica, and felspar, derived from 
the disintegrated granite, the crytals having been 
subsequently bound together by a siliceous cem- 
ent. In these cases the granite seems regener- 
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ated in a new and more solid form ; and so grad- 
ual a passage takes place between the rock of 
crystalline and that of mechanical origin, that we 
can scarcely distinguish where one ends and the 
other begins. 

In the hills called the Puy de Jussat and La 
Roche, we have the advantage of seeing a section 
continuously exposed for about 700 feet in thick- 
ness. At the bottom are foliated maris, white and 
green, about 400 feet thick ; and above, resting on 
the marls, are the quartzose grits, cemented by 
calcareous matter, which is sometimes so abundant 
as to form imbedded nodules. These sometimes 
constitute spheroidal concretions six feet in diame- 
ter, and pass into beds of solid limestone, resem- 
bling the Italian travertins, or the deposits of mineral 
springs. This section is close to the con6nes of 
the basin ; so that the lake must here have been 
filled up near the shore with fine mud, before the 
coarse superincumbent sand was introduced. 
There are other cases where sand is seen below 
the marl. 

1 . i. Red marl and sandstone. — But the most 
remarkable of the arenaceous groups is one of red 
sandstone and red marl, which are identical in all 
their characters with the secondary JVew Red sand- 
stone and marl of England. In these secondary 
rocks the red ground is sometimes variegated 
with light greenish spots, and the same may be 
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leeo ID the tertiary formatioo of freshwater origb 
at Coudes, on the ADier. The mark are some- 
times of a purplish-red color, as at Champbeix, 
and are accompanied by a reddish limestone, like 
the well-known *^ comstone," which is associated 
with the Old Red sandstone of English gecdogists. 
The red sandstone and marl of Auvergne ha?e 
eridentlj been derived from the degradation of 
gneiss and mica-schist, which are seen tn situ on 
the adjoining hills, decomposing mto a soil werj 
similar to the tertiary red sand and marl. We 
also find pebbles of gneiss, mica-schist, and quarts 
in the coarser sandstones of this group, clearly 
pointing to the parent rocks from which the sand 
and marl are derived. The red beds, although 
destitute themselves of organic remains, pass up- 
wards into strata containing Eocene fossils, and are 
certainly an integral part of the lacustrine forma- 
tion. From this example the student will learn 
how small is the value of mineral character alone, 
as a test of the relative age of rocks. 

2. Green and white foliated marls. — The same 
primary rocks of Auvergne, which, by the partial 
degradation of their harder parts, gave rise to the 
quartzose grits and conglomerates before mentioned, 
would, by the reduction of the same materials into 
powder, and by the decomposition of their felspar, 
mica, and hornblende, produce aluminous clay; 
and, if a sufficient quantity of carbonate of lime 
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was present, calcareous marl. This fine sediroeDt 
would naturally be carried out to a greater distance 
from the shore, as are the various finer marls now 
deposited in Lake Superior. And as, in the Ameri- 
can lake, shingle and sand are annually amassed 
near the northern shores, so in Auvergne the grits 
and conglomerates before mentioned were evidently 
formed near the borders. 

The entire thickness of these marls is unknown ; 
but it certainly exceeds, in some places, 700 feet. 
They are, for the most part, either light-green or 
white, and usually calcareous. They are thinly 
foliated, — a character which frequently arises from 
the innumerable thin plates or scales of that small 

Fig. 157. 




a. Upper pari. b. Bide view < 
animal called CyprU ; a genus which comprises 
several species, of which some are recent, and may 



•See 



Crustacea, plate 55. 
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be seen swimmiDg swiftly through the waters of 
our stagnant pools and ditches* The antennae, at 
the end of which are fine pencils of hair, are the 
principal organs of motion, and are seen to yibrate 
with great rapidity. This animal resides within 
two small valves, not unlike those of a bivalve shell, 
and moults its integuments annually, which the 
conchiferous moUusks do not. This circumstance 
may partly explain the countless myriads of the 
shells of Cyprit which were shed in the anciient 
lakes of Auvergne, so as to give rise to divisions in 
the marl as thin as paper, and that, (oo, in stratified 
masses several hundred feet thick A more con- 
vincing proof of the tranquillity and clearness of the 
waters, and of the slow and gradual process by 
which the lake was filled up with fine mud, cannot 
be desired. But we may easily suppose that, 
while this fine sediment was thrown down in the 
deep and central parts of the basin, gravel, sand, 
and rocky fragments were hurried into the lake and 
deposited near the shore, forming the group de- 
scribed in the preceding section. 

Not far from Clermont, the green marls, contain- 
ing the cypris in abundance, approach to within a 
few yards of the granite which forms the borders of 
the ba^in. The occurrence of these marls so near 
the ancient margin may be explained by consider- 
ing that, at the bottom of the ancient lake, no coarse 
ingredients were deposited in spaces intermediate 
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between the points where rivers and torrents en- 
tered, but finer mud only was drifted there by 
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A. Granite. B. Space of sixty feet, in which no section is seen. 
C. Green marl, vertical and inclined. D. White marl. 

currents. The verticality of some of the beds in 
the above section bears testimony to considerable 
local disturbance subsequent to the deposition of 
the marls ; but such inclined and vertical strata are 
very rare. 

3. Limestone, travertin, oolite. — Both the pre- 
ceding members of the lacustrine deposit, the 
marls and grits, pass occasionally into limestone. 
Sometimes only concretionary nodules abound in 
them ; but these, where there is an increase in the 
quantity of calcareous matter, unite into regular 
beds. , 

On each side of the basin of the Limagne, both 
on the west at Gannat, and on the east at Vichy, 
a white oolitic limestone is quarried. At Vichy, 
the oolite resembles our Bath stone in appearance 
and beauty ; and, like it, is soft when first taken 
from the quarry, but soon hardens on exposure to 
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the air. At Gannat, the stone contains land-shells 
and bones of quadrupeds, resembling those of the 
Paris gypsum. At Chadrat, in the hill of La 
Serre, the limestone is pisolitic, the small sphe- 
roids combining both the radiated and concentric 
structure. 

Indusial limestone. — There is another remark- 
able form of freshwater limestone in Auvergne, 
called ** indusial," from the cases, or indusus, of 
caddis-worms (the larvae of Phryganea) ; great 
heaps of which have been incrusted, as they lay, 
by carbonate of lime, and formed into a hard tra- 
vertin. The rock is sometimes purely calcareous, 
but there is occasionally an intermixture of siliceous 
matter. Several beds of it are frequently seen, 
either in continuous masses, or in concretionary 
nodules, one upon another, with layers of marl in- 
terposed. The annexed drawing (Fig. 160.) will 
show the manner in which one of these indusial 
beds (a) is laid open at the surface, between the 
marls (6 6), near the base of the hill of Gergovia ; 
and affords, at the same time, an example of the 
extent to which the lacustrine strata, whic|^ roust 
once have filled a hollow, have been denuded, and 
shaped out into hills and valleys, on the site of the 
ancient lakes. 

We may often observe in ourponds the Phry- 
ganea (or May-fly), in its caterpillar stale, covered 
with small freshwater shells, which they have the 
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power of fixing to ihe outside of their tubular 




(KlelDacbTDlI}, 

cases, in order, probably, (o give (hem weight and 
strength. The individual figured in the annexed 
cut, which belongs to a species very abundant in 
Fig- M England] has happened to 
cover its case with shells 
of a small PlanorHs. In 
s<n^ the same manner a large 
«> species of caddis- wormy 
which swarmed in the 




* I believe that the British specimen here figured is 
rhombiea, Linn. 

VOL. I. 32 
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Eocene kkes of Auvergne, was accustomed to 
attach to its dwelling the shells of a small spiral 
univalve of the genus Paludina. A hundred of 
these minute shells are sometimes seen arranged 
around one tube, pan of the central cavity of 
which is often empty, the rest being filled up with 
thin concentric layers of travertin. The cases 
have been thrown together confusedly, and often 
lie, as in Fig. 162., at right angles one to the 
Fig. 161 




other. When we consider thai ten or twelve 
tubes are packed within the compass of a cubic 
inch, and that some single strata of this limestone 
are six feet thick, and may be traced over a coa- 
siderable area, we may form some idea of the 
countless number of insects and mollusca which 
contributed their integuments and shells to com- 
pose this singularly constructed rock. It is un- 
necessary to suppose that the Phryganea lived on 
the spots where their cases are now found ; ibey 
may have multiplied in tbe shallows near the 
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margin of the lake, or in the streams by which it 
was fed, and their cases may have been drifted by 
a current far into the deep water. 

In the summer of 1837, when examining, in 
company with Dr. Beck, a small lake near Copen- 
hagen, I had an opportunity of witnessing a beau- 
tiful exemplification of the manner in which the 
tubular cases of Auvergne were probably accumu* 
lated. This lake, called the Fuure-Soe, occurring 
in the interior of Seeland, is about twenty English 
miles in circumference, and in some parts 200 ft. 
in depth. Round the shallow borders an abun- 
dant crop of reeds and rushes may be observed, 
covered with the indusis of the Phryganea grandis 
and another species, to which shells are attached. 
The plants which support them are Scirpus lacus- 
tris and Arundo phragmitisj but chiefly the former. 
In summer, especially in the month of June, a 
violent gust of wind sometimes causes a current 
by which these plants are torn up by the roots, 
washed away, and floated oflT in long bands, more 
than a mile in length, into deep water. The Cy- 
pris swarms in the same lake ; and calcareous 
springs alone are wanting to form extensive beds 
of indusial limestone, like those of Auvergne. 

4. Gypseous marls. — More than fifty feet of 
thinly laminated gypseous marls, exactly resem- 
bling those in the hill of Montmartre, at Paris, 
are worked for gypsum at St. Romain on the 
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right bank of the AUier. They rest on a series 
of green cyprifercus marls which alternate with 
grit, the united thickness of this inferior group 
being seen, in a vertical section on the banks of the 
river, to exceed 250 feet. 

General arrangement and origin of the fresh- 
water formations of Auvergne. — The relations of 
the different groups above described cannot be 
learnt by the study of any one section ; and the 
geologist who sets out with the expectation of find- 
ing a fixed order of succession may perhaps com- 
plain that the different parts of the basin give con- 
tradictory results. The arenaceous division, the 
marls, and the limestone, may all be seen in some 
places to alternate with each other ; yet it can, by 
no means, be afiSrmed that there is no order of ar- 
rangement. The sands, sandstone, and conglom- 
erate, constitute in general a littoral group ; the 
foliated white and green marls, a contemporaneous 
central deposit ; and the limestone is for the most 
part subordinate to the newer portions of both. 
The uppermost marls and sands are more calca- 
reous than the lower ; and we never meet with cal- 
careous rocks covered by a considerable thickness 
of quartzose sand or green marl. From the resem- 
blance of the limestones to the Italian travertins, 
we may conclude that they were derived from the 
waters of mineral springs, — such springs as even 
now exist in Auvergne, and which may be seen 
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rising up through the granite, and precipitating 
travertin. They are sometimes thermal, but this 
character is by no means constant. 

It seems that, when the ancient lake of the Li« 
magne first began to be filled with sediment, no 
volcanic action had yet produced lava and scoriae 
on any part of the surface of Auvergne. No peb- 
bles, therefore, of lava were transported into the 
lake, — no fragments of volcanic rocks imbedded 
in the conglomerate. But at a later period, when 
a considerable thickness of sandstone and marl had 
accumulated, eruptions broke out, and lava and 
tuff were deposited, at some spots, alternately with 
the lacustrine strata. It is not improbable that 
cold and thermal springs, holding different mineral 
ingredients in solution, became more numerous 
during the successive convulsions attending this 
development of volcanic agency, and thus depos- 
its of carbonate and sulphate of lime, silex, and 
(Mher minerals, were produced. Hence these min- 
erals predominate in the uppermost strata. The 
subterranean movements may then have continued 
until they altered the relative levels of the country, 
and caused the waters of the lakes to be drained 
off, and the further accumulation of regular fresh- 
water strata to cease. 

We may easily conceive a similar series of 
events to give rise to analogous results in any 
modern basm, such as that of Lake Superior, for 

32* 
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example, where numerous rivers and torrents are 
carrying down the detritus of a chain of moun- 
tains into the lake. The transported materials 
must be arranged according to their size and 
weight, the coarser near the shore, the finer at a 
greater distance from land ; but in the gravelly 
and sandy beds of Lake Superior no pebbles of 
modern volcanic rocks can be included, since 
there are none of these at present in the district. 
If igneous action should break out in that coun- 
try, and produce lava, scoriae, and thermal springs, 
the deposition of gravel, sand, and marl might still 
continue as before ; but, in addition, there would 
then be an intermixture of volcanic gravel and tuff, 
-and of rocks precipitated from the waters of min- 
eral springs. 

Although the freshwater strata of the Li magna 
approach generally to a horizontal position, the 
proofs of local disturbance are sufficiently numer- 
ous and violent to allow us to suppose great 
changes of level since the lacustrine period. We 
are unable to assign a northern barrier to the an- 
cient lake, although we can still trace its limits 
to the east, west, and south, where they were 
formed of bold granitic eminences. Nor need we 
be surprised at our inability to restore entirely 
the physical geography of the country after so 
great a series of volcanic eruptions ; for it is by 
no means improbable that one part of it, the 
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southern for example, may have been moved up- 
wards bodily, while others remained at rest, or 
even suffered a movement of depression. 

Canial. — A freshwater formation, very analo- 
gous to that of Auvergne, is situated in the de- 
partment of Haute Lfoire, near the town of Le 
Puy, in Velay, and another occurs near Aurillac, 
in Cantal. The leading feature of the formation 
last mentioned, as distinguished from those of 
Auvergne and Velay, is the immense abundance 
of silex associated with calcareous marls and 
limestone. 

The whole series may be separated into two 
divisions; the lower, composed of gravel, sand, 
and clay, such as might have been derived from 
the wearing down and decomposition of the gra- 
nitic schists of the surrounding country ; the 
upper system, consisting of siliceous and calca- 
reous marls, contains subordinateiy gypsum, si- 
lex, and limestone. 

The resemblance of the freshwater limestone 
of the Cantal, and its accompanying flint, to the 
upper chalk of England, is very instructive, and 
well calculated to put the student upon his guard 
against relying too implicitly on mineral character 
alone as a safe criterion of relative age. 

When we approach Aurillac from the west, we 
pass over great heathy plains, where the sterile 
mica schist is barely covered with vegetation. 



380 BOOBNB PERIOD. [Ch. XYL 

Near Ytrac, aad between La Capelle and Vis- 
camp, the surface is strewed over with loose 
broken fliats, some of them black in the interior, 
but with a white external coating ; others stained 
with tints of yellow and red, and in appearance 
precisely like the flint gravel of our chalk di&* 
tricts. When heaps of this gravel have thus 
announced our approach to a new fornaation, we 
arrive at length at the escarpment of the lacus- 
trine beds. At the bottom of the hill which rises 
before us, we see strata of clay and sand resting 
on mica-schist; and above, in the quarries of 
Belbet, Leybros, and Bruel, a white limestone, in 
horizontal strata, the surface of which has been 
hollowed out into irregular furrows, since filled 
up with broken flint, marl, and dark vegetable 
mould. In these cavities we recognise an exact 
counterpart to those which are so numerous on 
the furrowed surface of our own white chalk. 
Advancing from these quarries, along a road 
made of the white limestone, which reflects as 
glaring a light in tlie sun, as do our roads com- 
posed of chalk, we reach, at length, in the neigh- 
bourhood of Aurillac, hills of limestone and cal- 
careous marl, in horizontal strata, separated io 
some places by regular layers of flint in nodules, 
the coating of each nodule being of an opaque 
white color, like the exterior of the flinty nodules 
of our chalk. 
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It will be remembered that the siliceous stone 
of Bilin, called iripolij is a freshwater deposit, and 
has been shown, by Ehrenberg, to be of infu- 
sorial origin (see p. 52.). What is true of the 
Bohemian flint and opal, where the beds attain a 
thickness of fourteen feet, may also, perhaps, be 
found to hold good respecting the silex of Au- 
rillac, which may also have been immediately dep- 
rived from the minute cases of microscopic animal- 
cules. But even if this conclusion be established, 
the abundant supply both of siliceous, calcare- 
ous, and gypseous matter, which the ancient lakes 
of France received, may have been connected with 
the subterranean volcanic agency of which those 
regions were so long the theatre, and which may 
have impregnated the springs with mineral matter, 
even before the great outbreak of lava. It is well 
known that the hot springs of Iceland, and many 
other countries, contain silex in solution ; and it 
has been lately affirmed, that steam at a high 
temperature is capable of dissolving quartzose 
rocks, without the aid of any alkaline or other 
flux.* 

Travellers not unfrequently mention, in their 
accounts of India, Australia, and other distant 
lands, that they have seen chalk with flints, which 
they have assumed to be of the same age as the 
Cretaceous system of Europe. A hasty observa- 

* See Proceedings of Roy. Soc, No. 44. p. 233. 
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tioo of the white limestone and flint of Aurillac 
might convey the same idea ; but when we turn 
from the mineral aspect and composition to the 
organic remains, we find in the flints of the 
Cantal the seed-vessels of the freshwater C&ara, 
instead of the marine zoophytes so abundandy 
imbedded in chalk flints ; and in the limestone 
we meet with shells of Limneaj Planorbis^ and 
other lacustrine genera, instead of the oyster, tere- 
bratula, and echinus of the Cretaceous period. 

Proofs of gradual deposition. — Some sections 
of the foliated marls in the valley of the Cer, near 
Aurillac, attest, in the most unequivocal manner, 
the extreme slowness with which the materials of 
the lacustrine series were amassed. In the hill of 
Barrat, for example, we find an assemblage of 
calcareous and siliceous marls; in which, for a 
depth of at least sixty feet, the layers are so thin, 
that thirty are sometimes contained in the thick- 
ness an of inch 5 and when they are separated, we 
see preserved in every one of them the flattened 
stems of Chara, or other plants, or sometimes 
myriads of small Paludina and other freshwater 
shells. These minute foliations of the marl re- 
semble precisely some of the recent laminated beds 
of the Scotch marl lakes, and may be compared 
to the pages of a book, each containing a history 
of a certain period of the past. The difierent 
layers may be grouped together in beds from a 
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foot to a foot and a half in thickness, which are 
distinguished by differences of composition and 
color, the tints being white, green, and brown. 
Occasionally there is a parting layer of pure flint, 
or of black carbonaceous vegetable matter, about 
an inch thick, or of white pulverulent marl. We 
find several hills in the neighbourhood of Aurillac 
composed of such materials, for the height of more 
than 200 feet from their base, the whole sometimes 
covered by rocky currents of trachytic or basaltic 
lava.* 

Thus wonderfully minute are the separate parts 
of which some of the most massive geological 
monuments are made up! When we desire to 
classify, it is necessary to contemplate entire 
groups of strata in the aggregate ; but if we wish 
to understand the mode of their formation, and 
to explain their origin, we must think only of the 
minute subdivisions of which each mass is com- 
posed. We must bear in mind how many thin 
leaf-like seams of matter, each containing the re- 
mains of myraids of testacea and plants, fre- 
quently enter into the composition of a single 
stratum, and how vast a succession of these strata 
unite to form a single group ! We must remem- 
ber, also, that piles of volcanic matter, like the 
Plomb du Cantal, which rises in the immediate 

* Lyell and Murchison, sur les Depots Lacust Ter- 
tiaires du Cantal, &c. Ann. des Sci. Nat Oct. 1829. 
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neighbourhood of AuriI)aC| are themselves equally 
the result of successive accumulation, consisting of 
reiterated sheets of lava, showers of scoris, and 
ejected fragments of rock. — Lastly, we must not 
forget that continents and mountain-chains, co- 
lossal as are their dimensions, are nothing more 
than an assemblage of many such igneous and 
aqueous groups, formed in succession during an 
indeGnite lapse of ages, and superimposed upon 
each other. 
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CHAPTER XVII. 



CRETACEOUS GROUP. 



White chalk — Its marine origin shown by fossil shells — 
Extinct genera of cephalopoda — Sponges and corals in 
the chalk — No terrestrial or fluviatile shells, no land 
plants — Supposed origin of white chalk from decom- 
posed corals — Single pebbles, whence derived — Cre- 
taceous coral-reef in Denmark — Maestricht beds and 
fossils — Origin of flint in chalk — Wide area covered 
by chalk — Green-sand formation and fossils — Origin 
of — Period of emergence from the sea — Difference of 
the chalk of the north and south of Europe — Hippu- 
rites — Nummulites — Altered lithological character of 
cretaceous formation in Spain and Greece -^Ter^ 
minology. 

The group which succeeds to the tertiary strata 
ID the descending order has been called Cretaceous 
or chalky, because it consists in part of that re- 
markable white earthy linnestone called chalk 
(creta). With this limestone, however, are usually 
associated other deposits of sand, marl, and clay^ 
called the Green-sand formation, because some of 
its sands are remarkable for their bright green 
color. 

The following is the manner in which the Cre- 
taceous strata of the South of England have beea 

subdivided : — 
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fa. soft white ehalk, with") aniied 
fliDts - - - 1 thickness 
b. hard white chalk, with V from 600 
few or DO fliots - [ to 1000 
c. chalk marl - -J feet* 

r thickness 
a. upper green-sand - < 90 to 100 

C feet. 
2. Green-sand ^ b. Gaoh, or blue marl, 10 to 150 ft. 
formation. ] c. lower green-sand and ^ 

iron-sand, with ocea- >S50.t 
sional Itmestone - ) 



The accompanying sectioo (Fig. 163.) will show 
the manner in which the tertiary strata of the 
London and Paris basins, as they are called, rest 
upon the Chalk ; and how the white chalk, in its 
turn, reposes throughout this region upon the 
Green-sand formation. 

I shall now speak first of the Chalk, its fossils, 
and probable origin ; and then say something of 
the Green-Sand ; after which I shall point out the 
probable relations of the Chalk and Green-Sand to 
each other. 

fVhiie Chalk. — The white chalk used in writing 
consists almost purely of carbonate of lime. Al- 
though usually soft, this substance passes in some 
districts, by a gradual change, into a solid stone 
used for building. The stratification is often ob- 
scure, except where rendered distinct by alternat- 
ing layers of flint. These layers are from two to 
four feet distant from each other, and from three 

* Conybeare, Outlines, &&, p. 85. 

f Fitton, GeoL Trans., Second Series, voL \y. p. 3191 
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to six iDcbes in thickness, occa- 
sionally \a coDlinuDus beds, but 
more frequenlly in nodules. 

The annexed figures represent 
some few of the fossil shells which 
are abundant in the white chalk, 
and these alone are sufficient to 
prove its marine ongin. Several 
of them, such as the Tirebratula 
(see Figs. 168. 170, 171, 172.), 
are known to live at tbe bottom 
of the sea, where the water is 
tranquil and of some depth. 
The Catillut (Fig. 164.) may 
be pointed out as a form, which, 
so far as our present infor- 
mation extends, became extinct 
at the close of the cretaceous 
period, being never met with 
in any tertiary stratum, or 
in a living stale. Among other 
equally conspicuous forma of 
fossil moll u sea belonging to 
tbe cretaceous group, and for- 
eign to the tertiary and recent 
periods, may be mentioned the 
Belemaite, Ammonite, Baculiie, 
and TurrUite of the family Ce- 
phalopoda, to which tbe living 
Cuttle-fish and Nautilus belong. 
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r09ail.9 or THE WHITE CHALK. 

Fig. 164. 
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One of these, the Belimniie, like the bone of 
the comrooD cuttle-fish, was an internal shell. Be< 
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sides these, there are other fossils in the chalk, 
such as sea-urchins, corals, and sponges (see 
Figures), which are alike marine. They are dis- 
persed iodifferentljr through the soft chalk and 
the bard fliat. 

Fig. 118. 




b. boUoa of (he ibcll, od «rbl<h both tbe oral ud anal apertuie) 
are placed ; Un anal being la the leR, and mora niund. 




fiUU fivm On QbtU.* 



To some of these inclosed zoophytes many flints 
owe their irregular forms, as in the flint repre- 
sented in Fig- 180,, where the hollows on the ex- 
terior are caused hy the branches of a spoDge, 

* From the collection of Mr. Bowerbaok. 
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b. portioD mignified. 
which is seen on breskiug open the flint. (See 
Fig. 179.) 

With these fossils the remains of fishes and 
Crustacea are not uncommon ; but we meet with 
no bones of land animals, nor any terrestrial or 
fluviaiile shells, nor any plants, except pieces of 
drift-wood and sea-weed, and scarcely ever any 
sand or pebbles. All the appearances concur in 
leading us to believe that this deposit was formed 
in a sea of some depth, far from land, and at a 
time when the fauna of this part of the globe was 
perfectly distinct from that of the tertiary period. 
Origin of the ffhite Chalk. — Having then 
come to the conclusion, that the chalk was formed 
in an open sea of some depth ; we may nest in- 
quire, in what manner so large a quantity of this 
peculiar white substance could have accumulated 
over an area many hundred miles in diameter, and 
some of the extreme points of which are distant, 
as ne shall see in the sequel, more than 1000 geo- 
graphical miles from each other. 
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It was remarked in an early part of this volume, 
that some even of that chalk which appears to an 
ordinary observer quite destitute of organic remains, 
is nevertheless, when seen under the microscope, 
full of fragments of corals and sponges ; the valves 
of Cytherina^ the shells of foraminifera, and still 
more minute infusoria. (See p. 56.) 

Now it had been often suspected, before these 
discoveries, that white chalk might be of animal 
origin, even where every trace of organic struc- 
ture has vanished. This bold idea was partly 
founded on the fact, that the chalk Consisted of 
pure carbonate of lime, such as would result from 
the decomposition of testacea, echini, and corals ; 
and partly on the passage observable between these 
fossils when half decomposed and chalk. But 
this conjecture seemed to many naturalists quite 
vague and visionary, until its probability was 
strengthened by new evidence brought to light by 
modern geologists. 

We learn from Lieutenant Nelson, that, in the 
Bermuda islands, there are several basins or la- 
goons almost surrounded and inclosed by reefs of 
coral. At the bottom of these lagoons a soft 
white calcareous mud is formed by the decompo- 
sition of Eschar a, Flustra, Cellepora, and other 
corallines. This mud, when dried, is undistin- 
guishable from common white earthy chalk ; and 
some portions of it, presented to the Museum of 
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the Geological Society of London, might, after 
full examination, be mistaken for ancient chalk, 
but for the labels attached to them. About the 
same time Mr. C. Darwin observed similar facts 
in the. coral islands of the Pacific ; and came also 
to, the opinion, that much of the soft white mud 
found at the bottom of the sea near coral reefs 
has passed through the bodies of worms, by which 
the stoby masses of coral are everywhere bored ; 
and other portions through the intestines of fishes ; 
for certain gregarious fishes of the genus Sparus 
are visible through the clear water, browsing 
quietly, in great numbers, on living corals, hke 
grazing herds of graminivorous quadrupeds. On 
opening their bodies, Mr. Darwin found their in- 
testines filled with impure chalk. This circum- 
st'ance is the more in point, when we recollect how 
the fossilist was formerly puzzled by meeting, in 
chalk, with certain bodies, called cones of the 
Fig. 182. Fig. 183. larch, wliich were afterwards 

recognised by Dr. Buckland 

to be the excrement of fish.* 

These spiral coprolites (see 

@!Sfl y^^^^ Figures), like the scales and 

^1^ " bones of fossil fish in the 

"rSlXlf^^it^ chalk, are composed chiefly 

*of phosphate of lime. 

* Geol. Trans., Second Series, vol. iii. p. 233. plate 31. 
figs. 3. and 11. 




894 TwamLEB m obalx, loktm 

Singh f%bUt9 in dudk. -^ The general absence 
of sand and pebbles in the white chalk has 
been already mentioned : but the occurrence 
here and there, in the southeast of England, of 
a few isolated pebbles of quartz and green-schist, 
some of them two or three inches in diameter, 
has justly excited much wonder. If these had 
been carried to the spots where we now find them 
by waves or currents from the lands once border- 
ing the cretaceous sea, bow happened it that no 
sand or mud were transported thither at the same 
time ? We cannot conceive such rounded stones 
to have been drifted like erratic blocks by ice,* 
for that would imply a cold climate in the Creta* 
ceous period ; a supposition inconsistent with the 
luxuriant growth of large chambered uniyalves, 
numerous corals, and many fish, and other fossils 
of tropical forms. 

Now in Keeling Island, one of those detached 
masses of coral which rise up in the wide Pacific, 
Captain Ross found a single fragment of green- 
stone, where every other particle of matter was 
calcareous; and Mr. Darwin concludes that it 
must have come there entangled in the roots of a 
large tree. He reminds us that Cbamisso, the dis- 
tinguished naturalist who accompanied Kotzebue, 
affirms, that the inhabitants of the Radack archi** 
pelago, a group of lagoon islands, in the midst of 

* See Chapters X. and XL 
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the Pacific, obtained stones for sharpening their 
instruments by searching the roots of trees which 
are cast up on the beach.^ 

It may perhaps be objected, that a similar mode 
of transport cannot have happened in the creta- 
ceous sea, because fossil wood is very rare in the 
chalk. Nevertheless wood is sometimes met with, 
and in the same parts of the chalk where the peb* 
bles are found, both in soft stone and in a silicified 
state in flints. In these cases it has often every 
appearance of having been floated from a distance, 
being usually perforated by boring-shells, such as 
the Teredo and Fistulana.'f 

The only other mode of transport which sug- 
gests itself is sea-weed. Dr. Beck informs me, 
that in the Lym-Fiord, in Jutland, the Fucus vesi- 
euiosus sometimes grows to the height of ten feet, 
and the branches rising from a single root, form a 
cluster several feet in diameter. When the blad- 
ders are distended, the plant becomes so buoyant 
as to float up loose stones several inches in diame- 
ter, and these are often thrown by the waves high 
up on the beach. The Fucus giganteus of So- 
lander, so common in Terra del Fuego, is said 
by Captain Cook to attain the length of 360 feet, 
although the stem is not much thicker than a 

* Darwin, p. 549. Kotzebue's First Voyage, vol. iii. p. 
155. 
t Mantell, Geol. of S. £. of England, p. 96. 
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man's thumb. It is often met with floating at sea, 
with shells attached, several hundred miles from 
the spots where it grew. Some of these plants, 
says Mr. Darwin, were found adhering to large 
loose stones in the inland channels of Terra del 
Fuego, during the voyage of the Beagle in 1834; 
and that so firmly, that the stones were drawn 
up from the bottom into the boat, although so 
heavy that they could scarcely be lifted in by one 
person.* Some fossil sea-weeds have been found 
in the Cretaceous formation, but none, as yet, of 
large size. 

Cretaceoui coral reef in Denmark* — Having 
said so much on the probable derivation of chalk 
from the decay of corals and shells, I may add, 
that in the island of Seeland, in Denmark, there 
is a yellow limestone intimately connected with 
the chalk, and containing a vast number of the 
same fossils, which consists of an aggregate of cor- 
als, retaining their forms as distinctly as the dead 
zoophytes which enter into the structure of reefs 
now growing in the sea. The thickness of this 
rock is unknown, but it has been quarried at Faxoe 
to the depth of forty feet. At Stevensklint, in See- 
land, it is seen to rest on white chalk with flints, 
from which it differs greatly in appearance, and 
where it is covered again by another limestone, 

* Darwin, p. 903. (For full reference see p. 168^) 
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which, although of later date» agrees more nearly 
with the ij^hite chalk, both in fossils and mineral 
character. Out of 1 04 species of sponges, corals, 
and other zoophytes, collected from the limestone 
of Faxoe, and from the ordinary white chalk of 
Denmark^ which agrees with that of England, no 
less than forty-two are common to both formations ; 
and many of the same species of bivalve shells and 
echinodermata have been found in both. The 
Faxoe formation, however, is not only remarkable 
for the number and good preservation of its fossil 
corals, but also from the generic resemblance of 
many of its univalve shells to forms usually sup- 
posed to appertain chiefly or exclusively to the 
tertiary period. Thus, among the patelliform uni- 
valves, we find Patella and Emarginula^ and 
among the spiral the following genera, Cypma^ 
Olivaj Miirttj Cerithiumi Fususj Trachut^ Triton f 
Nasia^ and Bulla* 

The ^€cie$j howevet, do not agree with those of 
the tertiary strata, and are associated with cepha- 
lopoda of those extiiict families before mentioned 
as characteristic of the cretaceous, and foreign to 
the tertiary epoch ; as, icM* example, the Ammo* 
nitCy Belemnitef and Baculiie : two species, the 
Behmnites nmcronattu (Fig. 175.), and the Bacu- 
lites Faujaaii (Fig. J 76.), being common to the 
Faxoe beds and the white chalk. 

From these facts, we may conclude that the 

VOL. I. 34 
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Faxoe limestone was formed in the cretaceous 
sea, in a spot favorable for the multiplication of 
stony corals and univalve shells; and as some 
small portions of the rock consist of white earthy 
chalk, this latter substance must have been pro- 
duced simultaneously, and some of it may have 
been washed away, in the form of mud, from the 
coral reef of Faxoe, and dispersed over the deeper 
parts of the same ocean, just as the white mud, 
swept out of the lagoons of the Bermudas or coral 
islets of the Pacific, must form deposits of white 
chalk, covering much wider spaces than those oc- 
cupied by the reefs. 

The same remarks apply to a rock, which re- 
poses on the Upper Chalk with flints, at St. Peter's 
Mount, Maestricht, and at Ciply, near Mens. It 
is a soft, yellowish stone, not very unlike chalk, 
and '^ includes siliceous masses, which are much 
more rare than those of the chalk, of greater bulk, 
and not composed of black flint, but of chert and 
calcedony."* Like the Faxoe stone, it is char- 
acterized by a peculiar assemblage of organic re- 
mains which are specifically distinct from those of 
the tertiary period, but many of them common to 
the white chalk. 

As these Maestricht beds have been thought to 
be intermediate in character between the second- 
ary and tertiary formations, it may be proper to 

• Fitton, Geol. ProceedingB, 1830. 
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mention, as opposed to this opinion, that the Ant' 
numite (Fig. 184.), Baculite, Hamite, and Hippn- 
Fig. IB*. _ _ _ nte, have been fouDd io 

the Maestricbt limestone, 
genera which have not yet 
been detected in strata 
newer than the chalk. In 
the same formation, also, 
large turtles have been 
found, and a gigantic rep- 
tile, the Moiaiaurut, or fossil Monitor, some of 
the vertebrie of which appear also in the English 
chalk.* The osteological characters of this ovip- 
arous quadruped prove it to have been interme- 
diate between the living Monitors and Iguanas } 
and, from the size of the head, vertebre, and olber 
bones, it is supposed to have been twenty-four feet 
in length. 

The existence of such turtles and saurians 
seems to imply some neighbouring land, on the 
sandy shores of which these creatures may have 
laid their eggs. But a few small islets in mid- 
ocean, like Ascension, so much frequented by 
turtles, may perhaps have afforded the required 
retreat to these cretaceous reptiles. 

Origin of the jUnt in chalk. — It is difficuh to 
give a satisfactory explanation of tbe origin of the 

* See MmiteU'H G«oL of & E. of E:>)gluid. 
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in cbtlk, wbetber it occort in itnhted nodiiks 
or oootkuioos kyers. h teems tbat there was 
origiDaUy siliceous as weU as calcareous earth io 
the muddy bottom of the cretaceous sea, at least 
wbeo the upper chalk was depositad. Whether 
both these earths could have been alike suppGed 
by the decay of organic bodies may be matter of 
speculation ; but what was said <^ the origin of 
Tripoli (see p. 53.) shows how microscojfHc infu- 
soria can give rise to dense masses of pure flint. 
The skeletons of many living sponges consist of 
needles or spicula of flint, and these are ibuod 
very abundantly b the flints of the chalk. There 
are also other living zoophytes, which have the 
power of secreting siliceous matters from the 
waters of the sea, jus| as moUusca secrete cal- 
careous particles. 

From whatever source the mud derived its 
silex, we may attribute the parallel disposition of 
the flinty layers to successive deposition. The 
distances between the layers, says Dr. Buckland, 
must have been regulated by the intervals of pre- 
cipitation, each new mass forming at the bottom 
of the ocean a bed of pulpy fluid, which did not 
penetrate the preceding bed on which it rested, 
because the consolidation of this last was so far 
advanced as to prevent such iotermixture*'^ Never- 

^ GeoL Tcans^ First SeriBs, vol iv> p. 4li^. 



Ch. XVII.J AREA COVBRED BY CHALK. 401 

theless the separation of the flint into layers, so 
distinct from the chalk, is a singular phenomenon, 
and not yet accounted for. Perhaps, as the spe- 
cific gravity of the siliceous exceeds that of the 
calcareous particles, the heavier flint may have 
sunk to the bottom of each stratum of soft mud. 
Geographical extent of White Chalk. — The 
area over which the white chalk preserves a nearly 
homogeneous aspect is so great that geologists 
have often despaired of finding any analogous 
deposits of recent date ; for chalk is met with in 
a northwest and southeast direction, from the 
north of Ireland to the Crimea, a distance of 
about 1140 geographical miles, and in an op- 
posite direction it extends from the south of 
Sweden to the south of Bordeaux, a distance of 
about 840 geographical miles. But we must not 
conclude that it was ever spread out uniformly 
over the whole of this vast space, but merely that 
there were patches of it, of various sizes, through- 
out this area. Now, if we turn to those region? of 
the Pacific over which coral reefs are scattered, 
we find some archipelagoes of lagoon islands, such 
as that of the Dangerous Archipelago for instance, 
and that of Radack, with some adjoining groups, 
which are from 1100 to 1200 miles in length, and 
300 or 400 miles broad ; and the space to which 
Flinders proposed to give the name of the Coral- 
lian sea is still larger ; for it is bounded on the 

34* 
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east by tbe Australiaa barrier^ oa the west by 
New CatedoDia, and on tbe north by the reefs 
of Louisiade. Although tbe islands in these 
spaces may be thinly sown, the mud of the de- 
composing zoophytes may be scattered far and 
wide by oceanic currents* 

Green-sand formation. — The lower part of 
the Cretaceous group in England, is divisible, as 
we haye already seen, into Upper Green-sand, 
Gault, and Lower Greennsand* Tbe green grains 
have been founds by analysis, to condst chiefly of 
silicate of iron, and they agree in composition 
with chlorite. The inferior white marly chalk 
becomes more and more charged with these grains 
until it passes into the upper green-sand, a forma- 
tion of sand and sandy marl, frequently mixed 
with chert, and this again passe3 downwards into 
tbe clay and marl, provincially called Gault. Both 
of these subdivisions, although often diminishing 
in volume to a thickness of two or three yards, 
form distinct and continuous bands of sand and 
elay between the chalk and lower green-sand 
throughout considerable tracts in England, France, 
and Belgium ; and each preserves throughout this 
space certain mineral peculiarities and characteris- 
tic fossils. 

The lower green-sand below the gauk is formed 
partly of green and partly of ferruginous sand 
and sandstone, with some limestone. These rooks 
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succeed eack other id tbe following descending 
order in Kent : — 

No. I. SukI, white, jicllowiih, or feinigliioiii, with 



The fosails of the green-saod are marioe, and 
some of them, like tbe Pecien quinquecostattu 
(Fig. 186.), range llirough all the members of the 

FOaBU.a OF THE GKEEN-BAND FORU&TION. 

Fig. 18*. Fig. 186.^ 
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series. Several forms of cephalopoda, such as the 
IfymUe (Fig. 187), Scaphite, and others, distin- 



* FittoD, Geo]. Traiw., Secood Seriei, vol. i 
t Ibid. pi. 13. 
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guisb the Green-sand formation m England from 
the White Chalk. 

Origin of the Chreen-^and formation. — Unlike 
the white chalk, this deposit consists of a succes- 
sion of ordinary beds of sand, clay, marl, and im- 
pure limestone, the materials of which might result 
from the wearing down of preexisting rocks. 
The nature of these derivative rocks we learn, 
from finding in the green-sand pebbles of quartz, 
quartzose sandstone, jasper, and flinty slate, to- 
gether with grains of chlorite and mica.* But 
we naturally inquire, how it could happen that, 
throughout a large submarine area, there should 
be formed first, a set of mechanical strata, such 
as the green-sand, and then over the same space 
a pure zoophytic and shelly limestone, such as 
the white chalk. Certain causes, which, during 
the first period, gave rise to deposits of mud, sand, 
and pebbles, must subsequently have ceased to 
act ; for it is evident that no similar sediment dis- 
turbed the clear waters of the sea in which the 
white chalk accumulated. The only hypothesis 
which seems capable of explaining such changes 
is the gradual submergence of land which bad 
been previously exposed to aqueous denudation. 
This operation may have gone on with such slow- 
ness as to allow time for considerable fluctuations 

* Fitton, GeoL Trans., Second Series, voL iv. p. 116. 



<3|u XVll. ] «RBEN<UNP F0BMAT|01i 405 

in the state of the org^uic world, so that difiereat 
sets of strata, begiDoiiig with the Lower Green- 
sand, and ending with the Upper White Chalk, 
may each contain some peculiar remains of ani- 
iQ^Is which lived successively in the sea } while 
some species may have continued to exist through- 
out the whole period, and are therefore comaiOD 
to all these formations. 

It will be seen ia the next chapter, when we 
treat of the strata called the Wes^lden, that such a 
general subsidence of land a^ i? here supposed to 
explab the manner in which ijhe Chalk succeeds 
th^ Green-sand, may be inferred from other inde- 
pendent proofs to have taken place throughout 
large aret^^. 

It cannot, however, be assumed, that all the 
gr€en-san,d in Europe had qeased to be deposited 
before aqy chalk began to 9ocumulate. Such, i^*- 
deed, was the order of events in parts of Eng- 
land, France, Belgium, and Denmark ; but if we 
compare different countries, and some of these 
not £sir distant from each other, we find reason to 
believe that sand and clay continued to be thrown 
down in one place, while pure chalk was forming 
in another. In Westphalia, for example, strata 
containing the same fossils as the white chalk of 
England, consist of sand and marl with green 
grains like the upper green-sand. Similar facts 
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have been observed io Hungary, in the Carpathian 
mountaio chain. Such variations would occur if 
the supposed sinking down of land did not take 
place simultaneously everywhere ; and for this rea- 
son the minor subdivisions of the Cretaceous group, 
however. persistent and uniform in their mineral 
characters in some regions, vary rapidly, and 
change entirely in other directions. 

Difference between the chalk of the north and 
south of Europe. — By the aid of the three tests 
of relative age, namely, superposition, mineral char- 
acter, and fossils, the geologist has been enabled to 
refer to the same Cretaceous period certain rocks 
in the north and south of Europe, which differ 
greatly, both in their fossil contents and in their 
mineral composition and structure. 

If we attempt to trace the cretaceous deposits 
from England and France to the countries bor- 
dering the Mediterranean, we perceive, in the 
first place, that the chalk and green-sand in the 
neighbourhood of London and Paris form one 
great continuous mass, the strait of Dover being a 
trifling interruption, a mere valley with chalk cliflTs 
on both sides. We then observe that the main 
body of the chalk which surrounds Paris stretches 
from Tours to near Poitiers (see the annexed map, 
Fig. 188., in which the shaded part represents 
chalk). 
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Betweeo Poitiers and La Rocbelle, the space 
marked A on the map 
separates two regioDS 
of clialk. This space 
is occupied by the 
Oolite and certain 
other formations older 
thao the chalk, and 
has been supposed by 
M. E. de Beaumont 
to have formed an is- 
land in the cretaceous 
sea. South of this 
space we again meet 
with a formation which 
we at once recognise 
by its mineral character to be chalk, although 
there are some places where the rock becomes 
oolitic. The fossils are, upon the whole, very 
similar ; especially certain species of the genera 
Spaiangui, ^nanchytes, Cidaritet, J'/ucula, Ot- 
trea, Gryphaa [Exogyra), Pecten, Plagiottoma 
{lAma), Trigonia, Catillut, and Terebratula.* 
But Ammonites, as M. d'Archiac observes, of which 
so many species are met with in the chalk of the 
north of France, are scarcely ever found in the 
southern region ; while the genera Hamite, Tur- 

* Archiac, sur la Form. Cr^tac^e du S. O. de la France, 
JIUau de la Soc. G6o\. de France, totD. ii. 
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riiite and ScapUte, ind perhaps Be/emnite, are en- 
tirely wtming. 

On the Mher band, certain forms are conimoa 
in ibe south which are rare or wholly unknown in 
the north of France. Among these may he rnen- 
tioDed many Hippurita, Sphtentlites, and other 
memben of that great family of molluaca called 
Rmdutet by Lamarck, to which nothing analogous 
has been discovered in the living creation. Al- 
though very uncommon In England, one species of 
this family has been discovered in our chalk. 
Fig. 189. Fig. 190. 




Fig. 189. Two JtidiTiduBli deprived of their operculs, adbering »o- 

190. Same aeea from above. 

191. Ttamvene aeiUoo of part of the wall of the ehell, mag- 

nified to ibow the Mnictara. 
19!. Voitical lection of tfae same. 
On tiie aide where (he ihel) ii thinnett, there ia one extend 
farrow aod correapoBding iotemal ridge, a. b. F^ 1B9, 190) 
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but Ihey >n uniallf k— promiaagt Ifaan in Ihae figurei. Thii ipe- 

Bgree in ehaiailer wilh Ibal ^nua. I have never seen Ihe opercular 
-piece, nr naive, as it ■■ called by those conchologigig who regard Uw 
SudUlei S3 bivalve mallusca. The specimen ibave figured wh dii- 
eovered by Mr, P. INion. 

But this family which is so feebly represented 
ia England and the north of France, becomes 
quite characteristic of rocks of the Cretaceous era 
in die south of France, Spain, Greece, and other 
countries bordering the Mediterranean. 




». i^mJolir' valTa'ar B. raiim. J '■'"'" ^'^' *""* 
Fig. IM. Fig. I9S. 




Between the region of chalk last mentioned in 
which Perigiieux is situated, and the Pyrenees, the 
space B intervenes (see Map). 

Here the tertiary strata cover, and for the most 
part conceal, the cretaceous rocks, except in some 

VOL. I. 35 
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■pots where they have been laid open by tbe de- 
nudation of the aewer formations. la these 
places ibey are seen still preserving the form of a 
white chalky rock, which is charged ia part witb 
grains of green sand. Even as far south as Tercis, 
on the Adoiir, near Dax, cretaceous rocks relaio 
this character where I examined them in 1838, 
and where M. Grateloup has found io them Anan- 
ekj/tei ovata (fig- 178.), and other fossils of the 
English chalk, together with HtppurUei. When 
we arrive at Bayonne and tbe Pyrenees, the Cre- 
taceons formation, although still exhibiting gome of 
the same mineralogictil peculiarities, is nevertheless 
greatly changed. Its calcareous division consists for 
the most part of compact crystalline marble, often 
full of Numinuliies (see Fig. 196.), and those 




portions which may be imagined to represent the 
green-sand, are composed of shales, giits, and mi- 
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caceous sandstone, containing impressions of ma- 
rine plants, together with lignite and coal. There 
are also beds of red sandstone and conglomerate 
belonging to the same group. These rocks ascend 
gradually into the highest parts of the Pyrenees, 
and cross over into Spain, where the Cretaceous 
system assumes a character still more unlike that 
of northern Europe. 

Here, as on the north side of the Pyrenees, the 
raost conspicuous fossils are Hippuriiesj Spharu- 
Utesy and JVummuUtes. The last-named fossil, so 
called from its resemblance to a piece of money, 
is a genus of foraminifera very abundant in the 
tertiary strata of northern Europe ; but is rare 
in the cretaceous system except in the south of 
Europe. 

So many species and genera of shells now want- 
ing in our northern seas, are frequent in the Med- 
iterranean, that we need not be surprised, when 
following from north to south the deposits of the 
old cretaceous sea, at finding similar modifications 
in organic forms. 

The cretaceous rocks in the Alps, Italy, Greece, 
and Asia Minor, are distinct in like manner from 
the type of that formation in the north of Europe ; 
yet their age in most of these countries can be 
olearly ascertained, partly by following them con- 
tinuously from the north in the manner above de- 
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scribed ; and partly by their position below the 
tertiary, and above the oolitic strata. 

We learn from the researches of M. M. Boblaye 
and Virlet, that the cretaceous system io the 
Morea, is composed of compact and lithographic 
limestones of great thickness ; also of granular 
limestones with jasper ; and in some districts, as 
in Messenia, a puddingstone with a siliceous cem- 
ent, more than 1600 feet in thickness, belongs to 
the same group.*^ 

It is evident, observe these geologists, from the 
great range of the hippurite and nummulite lime- 
stone, that the South of Europe was occu|Ned at 
the Cretaceous period by an immense sea, which 
extended from the Atlantic Ocean into Asia, and 
comprehended the southernmost part of France, 
together with Spain, Sicily, part of Italy, and the 
Austrian Alps, Dalmatia, Albania, a portion of 
Syria, the isles of the -^gean, coasts of Thrace, 
and the Troad. 

In proportion, therefore, as we enlarge the 
sphere of our researches, we may find in the 
strata of one era, the mineralogical counterparts 
of the rocks, which, in a single country like Eng- 
land, may characterize successive periods. Thus, 
the grits, sandstone, and shale with coal, of the 
Pyrenees have actually been mistaken by skilful 

* Bull, de la Soc. G^ol de France, torn. iii. p. 149. 
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miners for the ancient Carboniferous group of 
England and France. In like manner, the Creta- 
ceous red marl and salt of northern Spain have 
been regarded as the same as our New Red and 
saliferous sandstone ; and the lithographic lime- 
stone of the Morea might be confounded with the 
Oolite of Solenhofen in Germany, 

The beginner, perhaps, on hearing these facts, 
may object to the term cretaceous, as applied to 
the rocks of the southern region in which there is 
no chalk. But the term green-sand would have 
been equally inappropriate as a general name for 
this group ; and that of hippurite and nummulite 
limestone, however well suited to the Mediterra- 
nean region, would be inapplicable to the chalk of 
the north. Scarcely any designation would remain 
unexceptionable as we enlarge the bounds of our 
knowledge, and we must therefore be content to 
retain many ancient names, as simply expressing 
the mineral or palaeontological characters of rocks 
in the country where they were first studied. 
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CHAPTER XVIII. 
wxAU>KN eaoup. 

The Wealden, including the Weald clay, Hastings sand, 
and Purbeck beds— Intercalated between two marine for- 
mationa — Foesil shells freshwater, with a few marine— 
Cypris — Fish — Reptiles — Birds — Plants — Section 
showing iMissage of Wealden beneath chalk — Junction 
of Wealden and Oolite — Dirt-bed — Theory of grad- 
ual subsidence — Proo& that the Wealden strata, not- 
withstanding their thickness, may have been formed in 
shallow water — Geographical extent of Wealden— 
firay near Beauvais — Relation of the Wealden to the 
Lower Green Sand and Oolite. 

Beneath the cretaceous rocks in the S. £. of 
England, a freshwater formation is found called 
the Wealden, which, although it occupies a small 
area in Europe, as compared to the chalk, is nev- 
ertheless of great interest, as being intercalated 
between two marine formations. It is composed 
of three minor groups, of which the aggregate 
thickness in some places cannot be less than 800 
feet.* These subdivisions are, 

ThickneH. 
Ist. Weald Clay, sometimes including thin beds 

of sand and shelly limestone - • 140 to 280 ft. 
2d. Hastings sand, in which occurs some clays 

and calcareous grits ; — between - 400 and 600 ft. 

Sd. Purbeck beds, consisting of various kinds 

of limestones and marls ... about 250 ft. 

* Dr. Fitton, Geol. Trans, vol. iv. p. 320. Second Series. 
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To ali these subdivisions, the common name 
of the Wealden has been given, because they may 
be best studied in part of Kent, Surrey, and Sus- 
sex, called the Weald. 

We have seen that the fossils of the Chalk and 
Green-Sands which repose upon the Wealden are 
all marine, and the species numerous ; and the 
same remark applies to the Portland stone and 
other members of the Oolitic series which lie 
immediately beneath (see Fig, 197.). But in the 
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PotUion of the Wealden between two marine forvuUions. 

Wealden itself, although the fossils are abundant 
as to quantity, the number of different species is 
comparatively small, and by far the greater part 
of them show that they were deposited in a fresh- 
water lake, or estuary communicating with the 
sea.* 

Fossils of the Wealden, — The shells of this 
formation are almost exclusively of fluviatile or 



* Fitton, Greol. Tran& vol. iv. p. 104. Second Serie& 
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lacustrine genera, such as Melanopsisj Paludina, 
^eritina^ CyclaSy Unio^ and others. The indi- 
viduals are sometimes in such profusion, that the 
surface of each thin layer of marl or clay is covered 
with the valves of Cyclas^ and whole beds of lime- 
stone are almost entirely composed of Paludina, 
Intermixed with these freshwater shells, there are 
a few which seem to mark the occasional presence 
of salt water, as for example, a species of Bulla, 
together with an Oyster, and the Exogyra, a 
genus of unimuscular bivalves allied to the oyster 
(see Fig. 198.). The conclusion to be drawn from 
the presence of a Corhula (see Fig. 199.) and 

Fig. 198. Fig. 199. 




Exogyra 6uHa, Fitton. Corbula, alata, Fitton. 

Magnified. 



Mytilm is more doubtful ; for although these 
genera are for the most part marine, still there is 
a Mytilus living in the Danube, and one species 
of Corhula inhabits the river La Plata, in South 
America, as well as the adjoining sea, while an- 
other is common to the Caspian, and the rivers 
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Don and Wolga. But admitting bU these to have 
been niarine, they by no means outweigh the evi- 
dence, both of a positive and negative kiud, 
derived from shells in favor of the freshwater 
origin of the Wealden. In no part of this deposit 
do we meet with ammonites, belemniies, terehra- 
tulie, corals, sea-urchins, or other teslacea and 
Eoophyles so characteristic of the chalk above, or 
the oolite below, the Wealden. 

Shells of the Cypru, an aniinal allied to the 
Crustacea, and before mentioned (p. 67.) as 

Fig.SOO. Fig. SOI. Fig. SOS. 

iif •§ m 



Cyptu tKbereulalOt 



aboundmg n lakes and ponds, are also plentifully 
scattered through the clays of the Wealden, some- 
Fg S03 t meg producing, like plates of 

mica a thin lamination (see 
Fg 203.). Similar cypriferous 
ma Is are fouod in the lacus- 
trine tertiary beds of Auvergne, 
and m recent deposiU of shell-marl. 

The fishes of the Wealden belong partly to the 
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gniera Pyemodut and HifioAtM (see Figores ia 
Chapters 21 and 23.), ferms commoa to ibe 
Wralden aod Oolite ; but the teeth and scales ofa 
ipecies of Lepidotta are biost widely diflused (see 
Ftf. an. 




a. palale wid tttth. i. sdi new oricMk. t. Kafe. 
Fig. 304.). The geaeral form of these Gsb was 
that of the carp tribe, although perfectly distioct 
in anatomical character, and more allied to the 
pike. Tbe wbole body was covered with large 
rhomboidal scales, very thick, and having ibe ex- 
posed part covered with enamel. Most of the 
species of this genus are supposed to have beea 
either river fish, or inhabitants of the coasts, hav- 
iug not sufficient powers of swimming to advance 
into the deep sea. 

Among tbe remains of vertebrata, those of rep- 
tiles form the most remarkable feature. Some of 
them belong to tortoises, such as the "Frionyx aud 
Emyt, genera now occurring in freshwater in 
tropical regions. Of Saurian lizards there are at 
least five genera ; the Crocodile, Plesiosaur, Me- 
galosaur, Iguanodon, and Hylesaur. The Iguan- 
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odon, of which the remains were 6rst discovered 
by Mr. Mantell, was an herbivorous reptile, and 
was regarded by Cuvier as more extraordinary 
than any with which he was acquainted ; for the 
teeth, though bearing a great analogy to the 
modern Iguanas which now frequent the tro- 
pical woods of America and the West Indies, 
exhibit many striking and important differences 
(see Fig. 206.). It appears that they have been 
worn by mastication ; whereas the existing her- 
bivorous reptiles clip and gnaw off the vegetable 
productions on which they feed, but do not chew 
them. Their teeth, when worn, present an ap- 

Teeth of Iguanodon. 

Fig. J06, 

Fig. 206. 




Crown of tooth in 

adults worn down. 
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a young animal. 

Mantell. 



pearance of having been chipped off, and never, 
like the fossil teeth of the Iguanodon, have a flat 
ground surface (see Fig. 205.), resembling the 
grinders of herbivorous mammalia, Mr. Mantel! 
computes that the teeth and bones of this animal 
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(rhicb htre passed under his examiDatioD during 
Ibe last ttrenly years, must have belonged to do 
less than sevent]r-one distinct individuab; varyioj 
in age and magoitude from the reptile just bunt 
from the egg, to one of which the femur measured 
twentjr-four inches in circumference. Yet not- 
withstanding that the teeth were more numeroas 
than any other bones, it is remarkable that it vas 
not till the relics of all these individuals had been 
found, that a solitary example of part of a jaW' 
bone was obtained. 

The bones of birds of the order GraUa or 
waders have been discovered by Mr. Maniell io 
the Wealden, and appear to be the oldest well- 
authenticated examples of fos^ls of this class 
biiherto found in Great Britain.* But no portion 
of the skeleton of a mammiferous quadruped has 
yet been met with. 

Tiie vegetable remains, which are numerous, 




* Mantel], Proceedings Geo). Soo. vol. ii. p. S03. 
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exhibit many characters of a tropical flora, some 
being allied to the living genera Cycas and Zamia 
(see Fig. 211.), others to large Equiseta, There 
are also Conifera allied to Araucaria, and other 
genera of warm climates (see Fig. 207.), besides 
numerous ferns (see Fig. 208.). 

Passage of Wealden beneath Chalk.^ — It has 
been already seen that the chalk and green-sand 
have an aggregate thickness of 1000 or sometimes 
1500 feet. It is therefore a wonderful fact that 
after penetrating these rocks, we come down upon 
a subjacent freshwater formation from 800 to 1000 
feet in thickness. The order of superposition is 
clear, for we see the Weald Clay passing beneath 
the Green-Sand in various parts of Surrey, Kent, 
and Sussex ; and if we proceed from Sussex west- 
ward to the Vale of Wardour, we there again 
observe the same formation occupying the same 
relative position, and resting on the Oolite (see 
Fig. 209.). Or if we pass from the base of the 

Fig. 209. 
Vale of Wardour. Wilts. Hants. Sossex. 




Wealden. Wealden. 

south downs in Sussex, and cross to the Isle of 
Wight, we there again meet with the same series 
reappearing beneath the Green-Sand, and we 
cannot doubt that the beds are prolonged sub- 
VOL. I. 36 
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terraDeoudyi as iadicated by the dotted lines in 
Fig. 310. 

Fif . 210. 
ble or Wigkt. Huts. Smn. 




It has been already suggested that, during the 
accumulation of the Green-Sand, there was a grad- 
ual sinking down and submersion of land, by 
which the wide open sea of the Chalk was pro- 
duced. But the position of the Wealden points 
still more forcibly to such a conclusion, and espe- 
cially the appearances exhibited at the pomt of 
junction of the Wealden, and the Oolitic formation 
on which it rests. First, in regard to its junction 
with the superincumbent Lower Green-Sand, the 
beds of this last, says Dr. Fitton, repose in the 
southeast of England, conformably upon those of 
the subjacent Weald Clay. There is no indica- 
tion of disturbance : *' To all appearance the 
change from the deposition of the freshwater re- 
mains to that of the marine shells, may have been 
effected simply by a tranquil submersion of the 
land to a greater depth beneath the surface of the 

waters." * 
Portland dirt-bed and proofs of subsidence, -^BuX 

when we examine the contact of the Purbeck beds, 

* Geol. of HastiogB, p. 2& 
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or inferior division of the Wealden, with the Port- 
land stone, or upper member of the Oolite, some 
very singular phenomena are observed. Between 
the two formations, the marine and the freshwater, 
there intervenes in Portland a layer of dark mat- 
ter, called by the quarrjmen the " Dirt," or " Black 
dirt," which appears evidently to have been an 
ancient vegetable soil. It is from twelve to eigh- 
teen inches thick^ is of a dark brown or black 
color, and contains a large proportion of earthy 
lignite. Through it are dispersed rounded frag- 
ments of stone, from three to nine inches in diam- 
eter, in such numbers that it almost deserves the 
name of gravel. Many silicified trunks of conif- 
erous trees, and the remains of plants allied to the 
Zamia and Cycas are buried in this dirt-bed (see 
figure of living Zamia). 

These plants must have become fossil on the 
spots where they grew. The stumps of the trees, 
stand erect for a height of from one to three feet, 
and even in one instance to six feet, with their 
roots attached to the soil at about the same dis- 
tances from one another as the trees in a modern 
forest.* The carbonaceous matter is most abun- 

* Mr. Webster first noticed the erect position of the 
trees and described the Dirt- bed. The account here given 
18 drawn from Dr. Buckland and Mr. De la Beche, Greol. 
Tran&, Second Series, vol. iv. p. 1.; Mantell, Geol. of 
S. E. of England, p. 336. ; and Dr. Fitton, GreoL Trans., 
Second Series, vol. iv. p. 220. 
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dam immediately around the stumps, and rouDd 
the remains of fossil Cyeadea.^ 

Besides the upright stumps above mentioQed, 
the dirt-bed contains the stems of »licified trees 
laid prostrate. These are partly sunk into the 
black earth, and partly enveloped hy a calcareo- 
siliceous slate which covers the din-bed. The 
fragments of the prosuate trees are rarely more 
than three or four feet in length ; but by joining 
many of them together, trunks have been restored 
having a length from the root to the branches of 
from 20 to 33 feet, the stems being undivided 
for 17 or 20 feet and then forked. The diameter 
of these near the roots is about one foot.J Root- 
shaped cavities were observed by Professor Heos- 

• See Fllnder's Voyage. 

t Fitton, Geol. Trans., Second Series, vol. iv. pp. 330, 231. 

I Fitton, ibid. 
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low to descend from the bottom of the dirt-bed 
into the subjacent Portland stone, so that the up- 
permost beds of the Portland limestone, though now 
solid, were in a soft and penetrable state when the 
trees grew.^ 

The thin layers of calcareous slate (Fig. 212.), 

Fig. 212. 




flmbwattf caleare- 
oua slate. 

dirt-bed and ancient 
forest. 

marine Portland 
stone. 



SMtion in UU qf Portland^ Dorset. (Buckland and De la Beche.) 

were evidently deposited tranquilly, and would 
have been horizontal but for the protrusion of the 
stumps of the trees, around the top of each of 
which they form hemispherical concretions. 

The dirt-bed is by no means confined to the isl-* 
and of Portland, but is seen in the same relative 
position in a cliff east of Lulworth Cove, in Dor- 
setshire, where, as the strata have been disturbed, 
and are now inclined at an angle of 45^, the stumps 
of the trees are also inclined at the same angle io 
an opposite direction, — - a beautiful illustration of a 
change in the position of beds originally horizontal 

* Buckland apd De la Beche, Geol. Trans., Second Be* 
ries, vol iv. p. 16. 

g' 36* 
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(tee Fig. 213.). Traces of the dirt-bed hsve also 
been observed by Dr. Bucklaad, about two miles 
north of Thame, id Oxfordsbire ; aad by Dr. Fit> 



fig. «3. 




tiitimimCIV^¥I^'''^Oni. (Bnctluid «9d De U Becba. 



toD, ID tbe clifis of the BouIoddoIs, on tbs Freoch 
eoast ; but, as might be expected, this freshwater 
deposit is of limited extent wbeo compared to most 
marine formations. 

From the facts above described, we may Infer, 
first, that the superior beds of tbe Oolite, which are 
full of marine shells, became dry land, and covered 
by a forest, tbroughout a portion of tbe space now 
occupied by tbe south of England, the climate 
being such as to admit the growth of the zamia 
and eycas. 2dly. This land at length sank down 
and was submerged with its forests beneath a 
body of freshwater, from which sediment envelop- 
ing fluviatile shells was deposited. 3dly. "The 
regular and uniform preservation of tbis tbio bed 
of black earth over a distance of many miles. 



Ch. XVIII. ] IN ISLE OF PORTLAND. 427 

shows that the change from dry land to the state 
of a freshwater lake or estuary, was not accom- 
panied by any violent denudation, or rush of 
water, since the loose black earth, together with 
the trees which lay prostrate on its surface, must 
inevitably have been swept away, had any such 
violent catastrophe then taken place," * 

The dirt-bed has been described above in its 
most simple form, but in some sections the appear- 
ances are more complicated. The forest of the 
dirt-bed was not everywhere the first vegetation 
which grew in this region. Two other beds of 
carbonaceous clay, one of them containing Cycadea 
in an upright position, have been found below it,f 
which implies other oscillations in the level of the 
same ground, and its alternate occupation by land 
and water more than once. There must have 
been, first, the sea in which the corals and shells 
of the Oolite grew ; then, land, which supported a 
vegetable soil with CycadecB ; then, a lake or estu- 
ary, in which freshwater strata were deposited ; 
then, again, land, on which other Cycadem and a 
forest of dicotyledonous trees flourished : then, a 
second submergence under freshwater, in which 
the Wealden strata were gradually formed ; and, 

* Buckland and De la Beche, Greol. Trans., Second 
Series, vol. iv. p. 16. 
f Fitton, Geol. Trans., Second Series, vol. iv. p. 223L 
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finally, in the cretaceous periodi a return oyer 
the same space of the ocean. 

To imagine such a series of events wiU appear 
extravagant and visionary to some who are not 
aware that similar changes occur in the ordinary 
course of nature ; and that large areas near the 
sea are now subject to be laid dry, and then sub- 
merged, after remaining for years covered with 
houses and trees.* 

In some of these modem revolutions, such as 
have been witnessed in the delta of the Indus, in 
Cutch, we have instances of land being perma- 
nently laid under the waters, both of the river and 
the sea, without the soil and its shrubs being swept 
away; but such preservation of an ancient soil 
must be a rare exception to the general rule, for 
it would be destroyed by denuding waves and cur- 
rents, unless the land sank suddenly down to a 
great depth, or unless its form was such as to ex- 
clude the free ingress of the sea. 

Notwithstanding the enormous thickness of the 
Wealden, exceeding in some places perhaps 1000 
feet, there are many grounds for believing that 
the whole of it was a deposit in water of a moder- 
ate depth, and often extremely shallow. This 
idea may seem startling at first, yet such would be 

* For an account of recent movements of land attended 
by such consequences, see Principles of Geology, Index, 
« Cutch," " Sindree," &c. 
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the natural consequence of a gr&dual and continu- 
ous sinking of the ground in an estuary or bay, 
into which a great river discharged its turbid 
naters. By each foot of subsidence, the funda- 
mental rock, such as the Porilaod Oolite, would 
be depressed one foot further from the surface of 
the ocean ; but the bay would not be deepened, if 
new iitrata of mud and sand should raise the bot- 
tom one foot. On the contrary, such sand and mud 
might be frequently laid drj at low water, or over- 
grown for a season by a vegetation proper to 
marshes. At different heights in the Hastings 
Sand, in the middle of the Wealden, we find again 
and again slabs of sandstone with a strong ripple- 
mark, and between these slabs beds of clay, many 
yards thick. In some places, as at Stammerham, 



Fig. S14. 




near Horsham, there are indications of this, clay 
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having been exposed so as to dry and crack before 
the next layer was thrown down upon it. The 
open cracks in the clay have served as moulds, of 
which casts have been taken in relief, and which 
are^ therefore, seen on the lower surface of the 
sandstone * (see Fig. 214.). 

Near the same place a reddish sandstone occurs 
in which are innaroerable traces of a fossil vegeta- 
ble, apparently Spkenopterisy the stems and branch- 
es of which are disposed as if the plants were 
standing erect on the spot where they originally 
grew, the sand having been gently deposited upon 
and around them ; and similar appearances have 
been remarked in other places in this formation.f 
In the same division also of the Wealden, at 
Cuckfield, is a bed of gravel or conglomerate, 
consisting of water- worn pebbles of quartz and 
jasper, with rolled bones of reptiles. These must 
have been drifted by a current, probably in water 
of no great depth. 

The occasional presence of oysters in the Pur- 
beck limestone, and throughout the Hastings sand 
and Weald clay, proves that the waters of the sea 
sometimes found access into the estuary f , whether 
in consequence of subsidence, or in seasons when 
the body of freshwater was lessened in volume. 

* Observed by Mr. Mantell and myself in 1831. 
t Mantell, Geol. of S. E. of England, p. 244. 
X Fitton, Geol. Trans , 2d Ser., vol. iv. p. 321. 
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Geographical extent, — The Wealden strata 
have been traced about 200 English miles from 
west to east, from Lulworth Cove to near Boulogne, 
in France, and about 220 miles from northwest to 
southeast, from Whitchurch, in Buckinghamshire, 
to Beauvais, in France. If the formation be con- 
tinuous throughout this space, which is^very doubt- 
ful, it does not follow that the whole was contem- 
poraneous ; because in all likelihood the physi- 
cal geography of the region underwent frequent 
change throughout the whole period, and the estu- 
ary may have altered its form, and even shifted its 
place. Yet some modern deltas are of vast size, 
as for example that of the newly-discovered Quor- 
ra, or Niger, in Africa, which stretches into the in- 
terior for more than 170 miles, and occupies, it is 
supposed, a space of more than SOO miles along 
the coast ; thus forming a surface of more than 
25,000 square miles, or equal to about one half of 
England.* 

I have stated that the Wealden has been ob- 
served near Beauvais, in France ; and the locality 
is marked in the section at p. 387. It is called 
" the country of Bray ; " and resembles in structure 
the English Weald between the North and South 
Downs. In a similar manner the Oreen-Sand 
crops out from beneath the Chalk, aod freshwater 

^ Fitton, Greol. of Hastings, p. 58. ; who cites Lander's 
Travels. 
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strata from beneath the Green-Sand. One mem- 
ber of the seriesi a fine whitish sand, contains im- 
pressions of ferns, considered by M. Adolphe 
Brongniart as identical with Lonchopieris ManteUi, 
a plant found frequently in the Wealden. I ex- 
amined part of the valley of Bray in company 
with M. Graves, in 1833, and I observed that the 
sand last mentioned, with its vegetable remains, 
was intercalated between two sets of marine strata, 
containing trigonue^ and referred by French geolo- 
gists to the lower Green-Sand. In the same coun- 
try of Bray, and associated with the same forma- 
tion, is a limestone resembling the Purbeck mar- 
ble, and containing a Paludina which seems spe- 
cifically identical with that of Purbeck. 

If it be asked where the continent was placed 
from the ruins of which the Wealden strata were 
derived, and by the drainage of which a great 
river was fed, we are half tempted to speculate on 
the former existence of the Atlantis of Plato. The 
story of the submergence of an ancient continent, 
however fabulous in history, may be true as a geo- 
logical event. Its disappearance may have been 
gradual ; and we need not suppose that the rate 
of subsidence was hastened at the period when the 
displacement of a great body of freshwater by the 
Cretaceous sea took place. Suppose the mean 
height of the land drained by the river of the 
Wealden estuary to have been no more than 800 
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or 1000 feet; in that case, all except the tops of 
the mountains would be covered as soon as the 
fundamental Oolite and the dirt-bed were sunk 
down about 1000 feet below the level which they 
occupied when the forest before mentioned was 
growing. Towards the close of the period of this 
subsidence, both the sea would encroach and the 
river diminish in volume more rapidly ; yet in such 
a manner, that we may easily conceive the sedi- 
ment at first washed into the advancing sea to have 
resembled that previously deposited by the river in 
the estuary. In fact, the upper beds of the Weal- 
den, and the inferior strata of the Lower Green^ 
Sand, are not only conformable, but of similar 
mineral composition. 

It is also a remarkable fact, that the same Iguano^ 
don Mantelli which is so conspicuous a fossil in the 
Wealden, has recently been discovered near Maid- 
stone, in the overlying Kentish rag, or marine 
limestone of the Lower Green- Sand. Hence we 
may infer that some of the saurians which inhabited 
the country of the great river, continued to live 
when part of the country had become submerged 
beneath the sea. Thus, in our own times, we 
may suppose the bones of large alligators to be 
frequently entombed in recent freshwater strata 
in the delta of the Ganges. But if part of that 
delta should sink down so as to be covered by the 
sea^ marine formations might begin to accumulate 

VOL. I. 37 
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ID the same space where freshwater beds had pre- 
▼iously been formed ; and yet the Ganges might 
still pour down its turbid waters in the same di- 
rection, and cany the carcasses of the name 
species of alligator to the sea, in which case their 
bones might be included in marine as well as in 
subjacent freshwater strata. 

Age of the JVealden, — Some geologists have 
classed the Wealden as a member of the Creta- 
eeous group, while others have considered it as 
more nearly connected with the antecedent Oolitic 
deposits ; nor is it easy to decide which opinion is 
preferable, because the organic remains of the 
Cretaceous and Oolitic groups are marine, while 
those of the interposed Wealden are almost all 
freshwater. The testacea and plants of the latter 
appear as yet to be specifically distinct from those 
of any other formation ; but if we examine the 
reptiles, it appears that the MegaJosaurus Buck- 
landi is common to the Oolite and Wealden, the 
teeih and bones of this great saurian occurring 
both in the limestone of Stonesfield and in the 
Hastings sand. 

There are also some generic forms, both of rep- 
tiles and fish, common to the Oolite and Wealden, 
and not yet discovered in the Chalk. Vertebrae, 
for example, of the Plesiosaurus are not confined 
to the Oolite and Lias, but have been also found 
in the Wealden ; and the Lepidotus, a genus of 
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fish very characteristic of the Wealden, is unknown 
in the Cretaceous group, while it is abundant in the 
Oolitic series. 

On the other hand, the same species of Iguano- 
don has been already mentioned as decidedly cora- 
nion to the Wealden and Green-Sand. 

In Scotland, and in different parts of the Con- 
tinent, marine deposits have been found which 
are supposed to have been coeval with the Weal- 
den, and which are intermediate in fossil charac- 
ters as in position between the Cretaceous and 
Oolitic systems.* They may have been contem- 
poraneous deltas of other rivers flowing from the 
same ancient contineat. 

Absence of mammalia. — Among the numerous 
fossils of the Wealden, no remains of mammalia 
have beea hitherto detected ; wherea? we should 
naturally expect, on examining the deposits re- 
cently formed at the mouths of the Quorra, Indus, 
or Ganges, to find, not only the bones of birds 
and of amphibious and land reptiles, but ulso 
those of such warm-^blooded quadrupeds as fre- 
quent the lianks of rivers, or, like the hippopota- 
mus, inhabit their waters. Would not the same 
current of water which drifted down and rolled 
the bones of the lizards, tortoises, and fish of the 

* See Fitton, Geol. Trans., Second Series, vol. iv. p. 328. 
and iiis references. 
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Wealdeoy have also swept down into the delta 
tome fragments at least of mammiferoos bones, 
bad any animals of tbe bigbest class been then 
in existence? As a general rule, indeed, we 
cannot laj mucb stress on mere negative evi- 
dence ; and^ as we bave seen, althougb so many 
teetb of tbe Iguanodon bave been collected, it is 
only of late that a single small portion of a jaw 
of one of these gigantic lizards was obtained. 
Perhaps, in like manner, some bone or tooth of a 
fossil quadruped will one day be found. We may 
at least say, that we have at present no example 
of a continent covered with a luxurious vegeta- 
tion, and forests inhabited by large saurians, both 
aquatic and terrestrial, and by birds, yet at tbe 
same time entirely destitute of warm-blooded 
quadrupeds. Tbe nearest analogy to this state of 
things is that of New Zealand ; and this fact will 
be more particularly alluded to in the sequel. 
(See Chap. XXIV.) 

In conclusion I may remark, that from the time 
of the commencement of the Wealden, to far on 
in the Cretaceous period, we have signs of sub- 
sidence, and consequent diminution of land. But 
after the chalk was formed, or during the tertiary 
periods, we have, on the contrary, proofs of an 
increase of land in Europe. But we must not 
extend these generalizations to the whole surface 
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of the globe; for other large areas may have 
been growing more and more continental during 
the cretaceous, and more and more oceanic 
during the tertiary periods, the direction of the 
prevailing subterranean movement being reversed. 
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